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I INTRCDUCTICN.
I n  v i e w  o f  t k c  c o m p a r a t i v e  h i s t o r y  o f  n u c l e i c  a c i d ,  
p r o t e i n  and c o n n e c t i v e  t i s s u e  b i o c h e m i s t r y , t he  s l e w  p r o c r e s s  
i n  t h e  l a s t  m e n t i o n e d  f i e l d  i s ,  a t  f i r s t  s i g h t ,  s u r p r i s i n g .  
Even by 1871,  K o l l i k a r  had  s u g g e s t e d  t h a t  c o l l a / e n  and * m u c i n '  
we r e  s e c r e t e d  by t h e  same c e l l  t y p e ,  and l a t e r ,  i n  1 3 7 6 , 
Flemri ing o b s e r v e d  t h a t  e x t r o . c t i o n  w i t h  l i me  w a t e r  c a u s e d  
t e n d o n  f i b r e  b u n d l e s  t o  s p l i t  up i n t o  v e r y  f i n e  f i b r i l s ,  t h u s  
i n d i c a t i n g  t h e  p o s s i b l e  e x i s t e n c e  o f  a f i b r e  s t a b i  U s i n g  
f a c t o r ,  /I f e w  y e ^ r s  l a t e r ,  t he  f a c t  t h a t  c h . o n d r o i t i n  
s u l p h a t e  c o u l d  o n l y  he e x t r a c t e d  f r o m  c a r t i l a g e  i n  good  
y i e l d  w i t h  s t r o n g l y  a l k a l i n e  s o l u t i o n s , was r e c o g n i s e d  by 
Morner  { 1 8 8 9 ) and o t h e r s  as  an i n d i c a t i o n  t h a t  t h e  p o l y -  
s c c c  h a r  i do wc. s a i t  a c hed t o p r o  t e i  n ,
However ,  i n  s p i t e  o f  t h i s  e a r l y  s t a r t ,  p a r a l l e l e d  in  
o t h e r  f i e l d s  o f  b i c c h e n i s t r y , i t  was n o t  u n t i l  t he  l a t e  
195Cs ( Mat hews ,  1956;  Webber  and Bay l e y ,  1956;  M a l a w i s t a  
and S c h u b e r t ,  1 9 5 S ; MailLews and L c z a i  t y t e , 1958)  t h a t  zhc s o -  
c a l l e d  mu c i n  was r e c o g n i s e d  as  a d i s t i n c t  m a c r o m o l e c u l c r  
s p e c i e s .  Even  now,  a l t h o u g h  t h e  c h e m i s t r y  o f  c o l l a g e n ,  
t h e  m a j o r  c o n n e c t i v e  t i s s u e  p r o t e i n ,  i s  f a i r l y  w e l l  und.er-  
s t o o d ,  tliO p r e c i s e  rnol e c u l a r  o r g a n i s a t i o n  o f  t h e  p r o t e o ­
g l y c a n s  i s  s t i l l  l a r g e L y  s p e c u l a t i v e .  An e a r l y  p r o b l e m  was  
t he  g r e a t  d i f f i c u l t y  i n  s o l u b i  U s i n g  a s u b s t a n c e  i n  suc h
c l o s e  a s s o c i a t i o n  w i t h  c o l l a g e n .  L a t e r ,  t h e  d i s c o v e r y  o f  a 
c o n s i l d e r a b l e  d e g r e e  o f  he  t o r o g e n e  i t y  among t h e  p r o t e o g l y c a n s  
was a n o t h e r  s e t - b a c k  t o  s t r u c t u r a l  s t u d i e s ,  A f a r t h e r  
p r o b l e m  a r i s e s  f r o m  t h e i r  p o l y e l e c t r o l y t e  n a t u r e .  The  
t h e o r e t i c a l  c o m p l i c a t  i o n s  w h i c h  h a v e  to be i n t r o d u c e d  i n t o  
t h e  p h y s i c a l  c h e mi c a l  c h a r a c  Ler i  s a t i o n  o f  p o l y i o n s  a r e  
f r e q u e n t l y  d i f f i c u l t  t o  a p p l y  p r a c t i c a l l y ,  and  i n  many c a s e s  
( t h o u g h  p r i m a r i l y  in t h e  t h e r mo d y n a m i c s  o f  t e r n a r y  sys t err , s)  
t h e  t h e o r e t i c a l  b a c k g r o u n d  h a s  o n l y  J u s t  b e e n  d e v e l o p e d  by 
t h e  p h y s i c a l  chemi  s t s ,
A more  s p e c i f i c  p r o b l e m  i n  t h e  s t u d y  o f  p r o t e o g l y c a n s  
l i e s  i n  t he  d e f i n i t i o n  o f  t h e  b a s i c  ma c r om. o l e cu l a r  u n i t .  
G e n e r a l l y  i t s  m o l e c u l a r  w e i g h t  ha s  been  s u g g e s t e d  to be o f  
t h e  o r d e r  1 -  5 m i l l i o n ,  ( S e r n a r d i , 1957;  Mat hews  end  
L o z a i t y t e ,  1558;  Lusccmbe  and P h e l p s ,  1 5 6 ? ) ,  More r e c e n t l y ,  
Eudde c k e  e t  a l , , ( 1 5 6 3 ) , M e y e r , ( I 5 6 6 )  and P a r t r i d g e  ( 1 9 6 6 ) ,  ha v e  
e ach  p r e s e n t e d  e v i d e n c e  o f  d i f f e r e n t  u n i t s  w i t h  m o l e c u l a r  
w e i g h t s  r a n g i n g  down t c  2 4 0 , 0 0 0 ,  w h i l e  R o s e n b e r g  e t  a l ,  ( 1 9 ?Q) ,  
f o l l o w i n g  on f r o m  t he  work  o f  S a j d e r a  and P a s c a l  I ( 1 9 6 9 )  
ha v e  p r o p o s e d  a cub u n i t  o f  m o l e c u l a r  w e i g h t  2 , 4  r r A l l i o n ,  
w h i c h  c a n ,  t o g e t h e r  w i t h  a l i n k a g e  g l y c o p r o t e i n , f o r m  what  
t h e  a u t h o r s  t erm 1 s t  and  2 nd  o r d e r  a g g r e g a t e s , w i t h  d i a m e t e r s  
i n  t h e  r a n g e  5 , 0 0 0 -  8 , 0 0 0  The e v i d e n c e  f o r  t h e s e  i s  b a s e d
on e l e c t r o n  m i c r o s c o p y  on i n  v i t r o  p r e p a r a t i o n s .  T h e r e  a p p e a r s
3t o be no e v i d e n c e  a s  y e t  t h a t  t h e s e  a g g r e g a i  e s  e x i s t  i n  v i v o  
and  i t  may w e l l  be t h a t  t h e s e  a r e  m e r e l y  ' i n  v i t r o  phenom.cna ' ,
An a l t e r n a t i v e  a p p r o a c h  to t h e  p r o b l e m  o f  t n e  b a s i c  u n i t  
h a s  been  s u g g e s t e d  by t h e  work  o f  S e r a f i n i - F r a c a s s i n i  e t  a l ,  
( 1971a ; 1 9 7 1 b ) .  From work  on c h e m i c a l l y  s p l i t  PG t h e  a u t h o r s  
h a v e  i d e n t i f i e d  two u n i t s  o f  3 3 , 0 0 0  and  1 2 0 , 0 0 0  m o l e c u l a r  
w e i g h t  w h i c h  t h e y  h a v e  s u b s e q u e n t l y  c i t e d  a s  i n t e r m e d i a t e s  i n  
PG b i o s y n t h e s i s .  W h e t h e r  o r  not  t h e s e  s u b u n i t s  a r e  u l t i m a t e l y  
c o n f i r m e d  i n  v i v o ,  i f  t h e y  a r e  shown t o  be horrcogeneous, t h e n  
t h e r e  e x i s t s  t h e  p o s s i b i I i z y  o f  g e t t i n g  d e t a i l e d  s t r u c t u r a l  
i n f o r r M t i o n ,  h i t h e r t o  u n o b t a i n a b l e ,  from, a n a l y s i s  o f  t he  1 - 3  
m i l l i o n  m o l e c u l a r  w e i g h t  s p e c i e s .  I t  i s  t o  t h i s  end  t h a t  t h e  
work  d e s c r i  bed  i n  t h e  s e c o n d  p a r t  o f  t h i s  t h e s i s  i s  d i r e c t e d .  
I t  i s  i n t e n d e d  as  a p i l o t  s t u d y
 ^ a)  t o  exami ne  t n e  f e a s i b i l i t y  o f  u l t r a f i l t r a t i o n  m e t h o d s  
i n  f r a c t i o n a t i o n
and
b)  to i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  and  l i m i t a t i o n s  o f  
c e r t a i n  p h y s i c a l  m e t h o d s  o f  a n a l y s i s .
The i n t e r a c t i o n  s t u d i e s  p r e s e n t e d  i n  p a r t  1 a r o s e  o u t  o f  
i n t e r e s t  i n  t he  p o s s i b l e  i n  v i v o  s i  g n i f i c a n c e  o f  low m o l e c u l a r  
w e i g h t  PG s p e c i e s .  A g a i n ,  as  i n  t h e  c a s e  o f  t h e  o r g a n i s a t i o n  
o f  PG, t h e r e  i s  s t i l l  l i t t l e  s o l i d  f a c t  r e g a r d i : i g  t n e  i n  v i v o  
r e l a t i o n s h i p  b e t we e n  c o l l a g e n  and  m u c o p o l y s c c c h a r i d e .  The 
f i r s t  s t u d i e s  on c o i l c c e n / g l y c o s a m i n o g l y c c . n  i n t e r a c t i o n s  were
4c a r r i e d  o u t  u s i n g  i n s o l u b l e  c o l l a g e n  by E i n b i n d c r  and  Sc iLubcr t  
( 1 9 5 1 )  who c o n c l u d e d  t h a t
Im On l y  a n i o n s  we r e  f i x e d ,
2 ,  Maximum f i x a t i o n  was a t  pi /  3 . 7 ,
3* F i x a t i o n  was e q u i v a l e n t  t o  t h e  number  o f  c a t i o n i c  o r o u c s ,  
4 .  Th e r e  was no i n t e r a c t i o n  a t  n e u t r a l  p £ .
I n  f a c t  h a t n e w s  wa^ t he  f i r s t  t o  d e m o n s t r a t e  t h a t
c o l l a g e n  b i n d s  w i t n  r a u c o p o l y s a c c h a r i d e  u n d e r  c o n d i t i o n s
c l o s e  t o  t h o s e  i n  v i v o ,  Cn p e r f o r m i n g  f r e e  e l e c  t r o p h o r e s i s
w i t h  s o l u b l e  c o l l a g e n  ( a c t u a l l y  a s o l u b i l i z e d  p o l y m e r i c
c o l l a g e n  o f  v e r y  n i g h  m o l e c u l a r  w e i g h t )  p l u s  c h c n d r o i t i n
s u l p h a t e ,  h y l u r o n a t e  o r  h e p a r i n , he  n o t i c e d  an e x t r a  seah-
wh i c h  ne  i n t e r p r e t e d  a s  b e i n g  due  t o  an i n t e r a c t i o n  p r o d u c t .
I n  h i s  d i s c u s s i o n  :-.at^^  ews made a numbe r  o f  c c n c  l u s i o n s  wh i c h
in  many ways summarize fAe p r e s e n t  s t a t e  0 /  AnowZedge cn tAe  
sLibJ e c t ,
1,  I n t e r a c  t i c n  r e q u i r e s  t he  u n d e n a t u r e d  s t a t e  o f  
c o l l a g e n ,
2 ,  I n  i .erac Lion i s  r e v e r s i b l e  and mair, . ly due t o  e l e c t r o ­
s t a t i c  f o r c e s
3« I n  i ,crac I i on a e p e n d s  upon b o t h  l i n e a r  c h a r g e  d e n s i t y  
and c h a i n  l e n g t h  o f  t h e  p o l y a n i o n ,
^ • 1 n t e r a c c i on mi ghz  i n v o l u e  t o  somc e x t e n t mo I ecu  I a r
e n t a n g l e m e n t  and  e x c l u d e d  vo l ume  e f f e c t s .
S i n c e  t h e n  t h e  s u g g e s t i o n s  r e g a r d i n g  e l e c t r o s t a t i c  f o r c e s  
h av e  b e e n  b a s i c a l l y  c o n f i r m e d ,  ( s t c v e n  e t  a l , , 1 9 6 8 ; t / a s f e s o n  
and OArinA, OArinA, JQ62; Oteuen e f  a Z . ,
A l m o s t  a l l  t h e s e  s t u d i e s  hav e  been  c a r r i e d  o u t  e i t h e r  w i t h  
t r o p o c o l l a g c n  or  w i t h  a g e l  f o r m  p r o d u c e d  in v i t r o  ( Obr i nk  
and l / a s z e s t o n ,  1971)  a/id i f  t n e s e  s t u d i e s  a r e  in. ten.ded to he  
p o s s i b l e  m o d e l s  o f  i n  v i v o  p r o c e s s e s  t h e n  i t  s h o u l d  be  
e s t a b l i s h e d  t n a t  s o l u b l e  c o l l a g e n  i s  i n f a c t  p r e s e n t  i n  
c a r t i l a g e  i n  s u f f i c i e n t  a mou n t s  t o  t a k e  p a r t  i n  s u c h  i n t e r ­
a c t i o n s ,  T h i s  i s ' a n  i m p o r t a n t  p o i n t  s i n c e  i t  seem.s e . . t i r e l y  
r e a s o n a b l e  t h a t  c o l l a g e n  ^ c o n t a i n i n g  b a s i c  g r o u p s )  s h o u l d  
r e a c t  w i t h  any  a n i o n i c  m o l e c u l e  s u c h  as  t h e  g l y c o s a m i n o -  
g l y c a n s  o r  e v e n  Dkh. and  t h a t  t h i s  o irLdi.ay s u c u l d  i n c r e a s e  
w i t h  d e c r e a s i n g  pH and i o n i c  s t r e n g t h .  As i t  i s ,  t o  d a t e ,  
t h e r e  do n o t  a p p e a r  to h a v e  been  any  s u c c e s - : f u l  a t t e i mp t s  to  
o b t a i n  s o l u b l e  c o l l a g c . n  f r o m  c a r t i l a g e  and  i n  t h e  l i g h t
o f  t h i s  i t  wo u l d  seem t h a t  i n v e s t i g a t i o n s  o f  i n t e r a c t i o n s  
i n  s o l u b l e  s y s t e m s  a r e  o f  d o u b t f u l  v a l u e .  As y e t  t h e  d i f f i ­
c u l t i e s  o f  w o r k i n g  w i t h  i n s o l u b l e  s y s t e m s  p u t  a l i m i t  
t o  a c c u r a t e  r e p r é s e n t a i  on o f  i n  v i v o  i n t e r a c t i o n s .  However ,  
i n  v i e w  o f  t h e  c o n s i d e r a b l e  v a r i a b i l i  t y  i n  t n e  i n t e r - r e l a t i o n ­
s h i p  b e t w e e n  d i f f e r e n t  p r o t e o g l y c a n s  and c o l l a g e n  in  
c o n n e c t i v e  t i s . ^ ue  m a t r i c e s  w h i c h  a r e  r e p o r t e d  by v a r i o u s  
a u t h o r s  (  S e r a f i n i - F r a c a s s i n i  and S m i t h ,  I 9 6 6 ; S m i t h  and
S e r a f i n i - F r a c a s s i n i , 1968;  Srai i h  and Frame,  1j 69 j any  in  
v i t r o  e x p e r i m e n t s  w i l l  o n l y  g i v e  a g e n e r a l  p i c t u r e  o f  t he  i n  
v i v o  i t i t e r a c t i o n s .
The e x p e r i z i e n t s  d e s c r i b e d  i n  t n i s  t h e s i s  we r e  i n t e n d e d  
t o  p r o v i d e  a c o m p a r a t i v e  p i c t u r e  o f  t he  u p t a k e  o f  t h r e e  
d i s s i m i l a r  m u c o p o l y s a c c h a r i d e s .  The f i r s t  -  h e p a r i n ,  as  an 
exampl e  o f  a low m o l e c u l a r  w e i g h t  h i g h l y  d i s c h a r g e d  r o l y a n i  on 
The s e c o n d  -  c h o n d r o i t i n  s u l p h a t e ,  as  a medium m o l e c u l a r  
w e i g h t  ( 3 0 , GOO) componen t  o f  t he  t h i r d  s u b s  t a n c e  -  p r c t e o -  
g l y c a n  -  t h e  macromo l e c u l a r  s p e c i e s  wh i c h  a p p e a r s  to be z'r.e 
form, i n  w h i c h  a l m o s t  a l l  g l y c o s a m i n o g  l y c a n s  c p c c c  " i n v i v o .
I n  t h i s  c a s e ,  t he  p r o t e o c h o n d r o i  t i : . - 4 - s u l p h a i e ,  Adsyantage  
was t a k e n  o f  t h e  b i s m u t h  n i t r a t e  s t a i n i n g  p r o c e d u r e  to'  
p r o v i d e  i n f o r m a t i o n  as  t o t h e  d i s p o s i  i i o n  o f  t h e  m u c o p o l y ­
s a c c h a r i d e  and c o l l a g e n  i n  t h e  e x p e r i m e n t a l l y  f o r m e d  c omp l e x .
T
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E x t r a c t i o n  c f  f i b r i l l c r  c o l l a a ^ n .
F r e s h  ox  a c h i l l e s  t e n d o n  loas uas .hed u n t h  w a t e r  and  
t h e n  1 /•/ iJaClm The f i b r e s  were  t h e n  t e a s e d  a p a r t  and  e x ­
t r a c t e d  w i t h  s e v e r a l  c h a n g e s  o f  1 N EaCl  f o r  72 h o u r s  a t  
A f t e r  w a s h i n g  f o r  24 h o u r s  w i t h  d i s t i l l e d  w a t e r  t he  
f i b r e s  we r e  r e - e x t r a c t e d  w i t h  e t j i a n o l / c h l o r o f o m  ( 1 :3 ) ,  
washed  w i t h  e t h a n o l  and  d r i e d  i n  a d e s s i c a t o r m  The  
m a t e r i a l  was f i n a l l y  m i l l e d  t c  a f i b r o u s  p owde r .
A s s e s s m e n t  o f  g l u c o s a  . in.og I y e a n  u p t a k e ,
Tc a s s e s s  t h e  r o l e  o f  e l e c t r o s t a t i c  f o r c e s  i n  s u c h  
i n t e r a c t i o n s , an a t t e m p t  was  f i r s t  made to d e t e r m i n e  t he  
number  o f  c a i i  n i c  g r o u p s  a v a l l a o l e  on c o l l a g e n  t o r e a c t  
w i t h  a n i o n i c  m o l e c u l e s .  For  t h i s  p u r p o s e  1 - n a p h t h o 1 - 4 -  
s u l p h o n i c  a c i d  was c h o s e n  a s  an a n i o n i c  dye  f o r  t h e  
f o l l o w i n g  r e a s o n s ,
a )  I t  h a s  a h i g h  e x t i n c t i o n  c o e f f i c i e n t  i n  a c o n v e n i e n t  
p a r t  o f  t h e  U,V,  s p e c t r u m  ( 2 9 3 ^t.m),
b)  I t s  s m a l l  s i s e  ( conpc . r cd  t o  t he  more commionly 
u s e d  d y e s  w i t h  a b s o r p t i o n ,  maxima i n  t h e  v i s i b l e  r e g i o n )  
i n c r e a s e s  t h e  p r c b a b i l i t y  o f  s t o i c h i o m e t r i c  b i n d i n g .
8To t e s t  t h i s ,  t h e  u p t a k e  o f  t h e  dye  by g e l a t i n  i n  
wh i c h  a l l  t h e  c a t i o n i c  g r o u p s  a r e  n e c e s s a r i l y  a v a i l a b l e  
was m e a s u r e d .  The g e l a t i n  was d e r i v e d  by e x h a u s t i v e  a u t o -  
c l a v i n g  o f  t h e  ox  t e n d o n  c o l l a g e n  u s e d  i.n t h e  s u b s e q u e n t  
e x p e r i m e n t s .  B e f o r e  m e a s u r i n g  t h e  dye  u p t a k e ,  t h e  g e l a t i n  
was r e mo v e d  f r o m  s o l u t i o n  by p r o l o n g e d  h i g h  s p e e d  c e n t r i -  
f r u g a t i o n .
S i n c e  t he  p o s s i b i l i t y  e x i s t e d  t h a t  h y d r o g e n  bond  f orn: -  
a t i o n b e  t ween  s u c c e s s i v e  dy e  mo i c u l  as c o u l d  g i v e  m.is Leadi ng  
u p t a k e  v a l u e s ,  e x p e r i m e n t s  we r e  c a r r i e d  ou t  u s i n g  2 - n c p h t h o l -  
6 - s u l p h o n i c  a c i d  and n a p h t h a l e n e - l - s u l p h o n i c  a c i d ,  h o we v e r  
t h e  r e s u l t s  we r e  w i t h i n  t h e  r a n g e  o f  v a l u e s  o b t a i n e d  f o r  
1 - n a p h t h o l - 4 - s u l p h o n i c  a c i d .
D e t e r m i n a t i o n  o f  t h e  u p t a k e  o f  b o t h  dye  and  g l y c o s a m i n o -  
g l y c a n  by t h e  f i b r i l l a r  c o l l a g e n  was c a r r i e d  o u t  a s  f o l l o w s : -  
3 0  mg o f  c o l l a g e n  we r e  s u s p e n d e d  i n  25  >^-1 o f  0 , 0 1  N KCl 
c o n t a i n i n g  a f i x e d  amount  o f  l - n . a p h t h . o l - 4 - s u l p h o n i c  a c i a .
The pH was a d j u s t e d  and  a f t e r  an e q u i l i b r a t i o n  p e r i o d  o f  
a t  l e a s t  3  h o u r s  ( u p t a k e  v a l u e s  s t a b i l i z e d  a f t e r  a b o u t  2 
h o u r s )  dye  u p t a k e  was dc t e r m i n e d  and 40mg o f  p o l y s a c c h a r i d e  
ad d e d  i n  5*0  ml  o f  0 , 0 1  r1 KCl ,  C h o n d r o i t i n  s u l p h a t e  was  
o b t a i n e d  f r o m  S i gma;  l o t  no 15B -  0010;  h e p a r i n  f r o m  I v i i s o n
L a b o r a t o r i e s , Ch i c a g o ,  I l l i n o i s ;  l o t  no 1 3 6 C5 1 * The PG 
was e x t r a c t e d  a s  d e s c r i b e d  i n  p a r t  2 o f  t h i s  t h e s i s .  The 
s y s t e m  was  t / ien  l e f t  t o e q u i  L i b r a t e  f o r  a f u r t h e r  h o u r  and  
a f t e r  r e mo v a l  o f  c o l l a g e n  by c e n t r i f u g a t i o n ,  t h e  c o n c e n t r a t i o n  
o f  g l y c o s a m i n o g l y c a n  i n  t h e  s u p e r n a t a n t  was d e t e r m i n e d  by  
b o t h  d i f f e r e n t i a l  r e f r a c  tome t r y  and  h e x u r o n i c  a c i d  e s t i m a t i o n ,  
( B i t t e r  and  N u i r ,  1 9 6 2 ) ,  The pH was k e p t  c o n s t a n t  w i t h i n  
0 , 2  u n i t s  d u r i n g  t he  w h o l e  e x p e r i m e n t .  C o n c e n t r â t  i on o f  dye  
was e s t i m a t e d  by r e f e r e n c e  t c  a s t a n d a r d  g r a p h  o f  a b s o r b a n c e  
p l o t t e d  a g a i n s t  c o n c e n t r a t i o n ,  t h e  s l o p e  o f  w h i c h  was f o u n d  
by t h e  m e t h o d  o f  l e a s t  s q u a r e s .  V i s u a l  i n s p e c t i o n  o f  t h e  
g r aph  ( F i g u r e  1)  c o n f i r m e d  t h a t  B e e r ' s  law was a p p a r e n t l y  
o b e y e d  f o r  t h e  r a n g e  o f  c o n c e n t r â t i ons  u s e d  i n  t h e  
e x p e r i m e n t s  and f u r t h e r  c h e c k s  showed  t n a t  t h e  e x t i n c t i o n  
o f  t h e  dy e  was u n a f f e c t e d  i n  t he  pH r a n g e  c o v e r e d  by t he
Ku p t a k e  e x p e r i m e n t s .
The f i r s t  s e r i e s  o f  e x p e r i m e n t s  were  c a r r i e d  o u t  i n  
e s p e c i a l l y  c o n s t r u c t e d  v e s s e l s  w h i c h  had  a low s u r f a c e  a r e a  
t o  vo l ume  r a t i o  and  a t  t h e  same t i m e  a l l o w e d  a d d i t i o n  or  
r e mo v a l  o f  m a t e r i a l  and  c o n t  i n u o u s  moni  t o r i n g  o f  ph \  The  
s o l u t i o n  was s t i r r e d  m a g n e t i c a l l y .  The s u b s e q u e n t  a c q u i s ­
i t i o n  o f  a R a d i o m e t e r  T i t r a t o r  a l l o w e d  more  p r e c i s e  c o n t r o l  
o f  pH ( b e t t e r  t han -*■ 0 , 2  pH u n i t )  b u t  t h e  b u i l t - i n  s t i r r e r
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r o t a t e d  a p p r o x i m a t e  Ly 10 t i m e s  f a s t e r  t han  t h e  f l e a  u s e d  
i n  t h e  p r e v i o u s  e x p e r i m e n t s .  L a t e r  i t  was f o u n d  t h a t  t he  
s p e e d  o f  s t i r r i n g  a f f e c t e d  t he  u p t a k e  o f  p o l y s a c c h a r i d e  
and  f o r  t h i s  r e a s o n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s  a r e  
d e s i g n a t e d  ' l o w  s p e e d '  and  t h e  s e c o n d  ' h i g h  s p e e d ' .
E l e c t r o n  i i i c r o s c o p i / .
B i s m u t h  n i t r a t e  s t a i n i n g  was u s e d  to v i s u a l i z e  t h e  
i n t e r - r e l a t i o n s h i p  o f  p o l y s a c c h a r i d e  c h a i n  and c o l l a g e n  
f i b r i l .  B i s m u t h  n i t r a t e  doe s  n o t  s t a i n  p r o t e i n  ( A l h e r s h c i m  
and K i l l i a s ,  l 9o3 ) b u t  t h e  i o n s  b i n d  t o one o r  more  s u l p h a t e  
g r o u p s  on t h e  p o l y s a c c h a r i de c h a i n  and c a u s e  n e u t r a l i z a t i o n  
o f  t he  n e t  c h a r g e  and c r o s s  l i n k i n g  o f  a d j a c e n t  s u l p h a t e s .
The pK o f  t h e  c a r b o x y l  g r o u p  i s  a b o u t  J . 4  ( / . a t h e w s , 1961)  
s o  a t  a pH a r o u n d  1 , 0  t h e  gr o up  w i l l  be i n s u f f i c i e n t l yi
i o n i z e d  to a l l o w  i n t e r a c t i o n  w i t h  t h e  b i s m u t h  i o n .
The b i s m u t h  n i t r a t e  s t a i n  was p r e p a r e d  by d i s s o l v i n g  
1 , 0  g o f  b i s m u t h  n i t r a t e  i n  10  ml  o f  2 M n i t r i c  a c i d  and  
t h e n  ma k i n g  up to 2 0 0  ml  w i t h  d i s t i l i e d  w a t e r  g i v i n g  a 
0 , 5% s o l u t i  on i n  0 , 1M n i t r i c  a c i d .
The c o l  l a g e n / g l y c o s a m i n o g l y c a n  corap l exes  p r o d u c e d  a t
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s p e c i f i c  pH v a l u e s  we r e  s p r a y e d  on t o  c a r bon  f i l m e d  g r i d s  
and  d r i e d .  The g r i d s  we r e  t h e n  s t a i n e d  /o/* l y  m i n u t e s ,  
was he d  s u c c e s s i v e l y  w i t h  2M n i t r i c  a c i d  and w a t e r  and  f i n a l l y  


















The g e l a t i n  d e r i v e d  f r o m  t h e  c o l l a g e n  u s e d  i n  t r i ese  
e x p e r i m e n t s  was f o u n d  to h a v e  an u p t a k e  i n  the. o r d e r  1 mf-J g 
a v a l u e  u h i c h  i s  i n  K e e p i n g  u i t h  t h e  number  o f  b a s i c  g r o u p s  i n  
t h e  p r o t e i n *  ( Boues  and Ke n t e n , 1 9 US  * e s t i m a t e d  0 *90  mil g ^ 
f r o m  t i t r a t i o n  d a t a  and  mM g ^ f r o m  ami no a c i d  a n a l y s i s ) *
R e s u l t s  f o r  u p t a k e  on c o l l a g e n  a r e  shown i n  Ta b l e  1 ( l o u  s p e e d )  
and  F i g u r e s  2 ( l o u  s p e e d ;  r e s u l t s  e x p r e s s e d  i n  iiH p e r  mg) and  
3 .  F i v e  e s  t i m a t i o n s  u e r e  c a r r i e d  f o r  each  v a l u e *
From T a b l e  1 i t  i s  e v i d e n t  t h a t  t h e  u p t a k e  o f  1 - n a p h t h o l -  
4 - s u L p h o n i c  a c i d  by f i b r i l l a r  c o l l a g e n  i s  i n  t h e  o r d e r  
V/o o f  t h e  v a l u e  o b t a i n e d  f o r  g e l a t i n *  T h i s  w o u ld  s u g g e s t  
t h a t  t h e  dye  i s  bound o n l y  t o t h o s e  c a t i o n i c  g r o u p s  a v a i l a b l e  
on t h e  s u r f a c e  o f  t h e  c o l l a g e n  f i b r i l s *  On a d i f f e r e n t  
l e v e l  "' this i s  a n a l o g o u s  u i t h  r e s u l t s  o b t a i n e d  by Har tman  
and  Bakerman ( i 9 6 0 ) who showed t h a t  n a t i v e  a c i d - s o l u b  i e  
c o l l a g e n  h a s  t w i c e  a s  many i o n i s a b l e  g r o u p s  u n a v a i l a b l e  to  
t i t r a t i o n  a s  s a l t - s o l u b l e  c o l l a g e n *  The s l i g h t l y  r e a u c e d  
u p t a k e  o f  t h e  dye  a t  h i g h e r  pH v a l u e s  i s  mos t  p r o b a b l y  due  
t o  d i s s o c i â t  ion, o f  dye  f r o m  i m i d a s o l e  and a - c m i n o  g r o u p s  
(pK e s t i m a t e d  by Boues  and  K e n t c n  t o be i n  t he  r e g i o n  7»5)»
i-4
T a b l e  1*
G l y c o s a m i n o g l y c a n  and p r o t e o g l y c a n  (PG) 
u p t a k e  (mg/mg)
He p a r i n  0 . U2 G ± . 0 l 6  0 . 3 7 4  + . 003  0 .3 4 4  +. 009  000
C h o n d r o i t i n  0 . 3 9 7  ± . 0 2 3  0 . 4 ? 4  +.011 0 . 4 9 2  +.001 0 . 1 3 7  ± . 00?
s u l p h a t e
PG 0 . 1 8 3  +. 011 0 . 2 7 3  +. 019  000 000
Dye u p t a k e  ( \ i mo l e s / g )
1 - n a p h t h o l  1 2 . 4  j jL. 6  1 0 . 7  ±*9 1 0 . 4  + .8  3 .7  + .7
^ 4 s u l p h o n i c
a c i d
The f o u r  c o l u mns  show t h e  u p t a k e  v a l u e s  a t  pH 4 . 3  ;
5 . 5  J ^ . 5  ; 7.5  re s p e c t i v e l y f  f r o m  l e f t  t o  r i g h t .
F i g u r e  2
Upt ak e  c f  p o l y s a c c h a r i d e s  and  dye  as  a f u n c t i o n  o f  pH.  






F I G U R E  2
4 0 -
s o ­
lo- © * o
4.5 5.5 6.5 pH7.5
I H e p a r i n
N 1 ~ n a p h t h o l - 4 - s u l p h o n i c  ac id  
#  Chondroit in  s u l p h a t e
Finuro  3
UptakQ o f  p o l y s a c c h a r i d e s  e n d  PG as  a f u n c t i o n  o f  pH 
u i t h  b o t h  h. i yh and  ? o : j  s p e e d  s t i r r i n g ^  Up t a k e s  a r e  
e x p r e s s e d  in  pp o f  c . c id ic  m u c o p o l y s a c c h a r i d e s  p e r  mg 
o f  c o l l a g e n »
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F I GURE  3
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Chondroit in su lphat e
a ; low sp e e d  st irring  
b : high speed  s t irr ingHeparin
P P -  L
^7
The h i g h  u p i a k c  o f  h e p a r i n  a t  iow pH i s  t o be e x p e c t e d  
f r o m  a m o l e c u t e  c o n t a i n i n g  i n  t he  o r d e r  s e n e n  i o n i s i n g  
g r o u p s  p e r  t e t r a c a c c J i a r i d e  r e p e a t i n g  u n i t »  P r e d i c t a b l y  t he  
u p t a k e  f a l l s  o f f  l o i t h  i n c r e a s i n g  pH u h i l e  f a s t e r  s t i r r i n g  
( F i g u r e  3 )  a c c e n t u a  Les t h i s *  He p a r i n  i s  a v e r y  m i n o r  com­
p o n e n t  o f  c o n n e c t i v e  t i s s u e  and a l m o s t  c e r t a i n l y  p l a y s  no  
s t r u c t u r a l  r o l e  i n  c a r t i l a g e »  I t  isas u s e d  i n  t h e s e  s t u d i e s  
h o p e f u l l y  t o p r o v i d e  a norm t o  wh i c h  t h e  b e h a v i o u r  o f  c h o n ­
d r o i t i n  s u l p h a t e  and  FG c o u l d  be c ompa r e d ,  and i t s  u p t a k e  
p a t t e r n  may r e a s o n a b l y  be i n t e r p r e t e d  i n  t e r ms  o f  s i m p l e  
e l e c t r o s t a t i c  i n t e r a c t i o n  w i t h  b a s i c  g r o u p s  i n  t h e  p r o t e i n »
I n  c o n t r a s t  to t h e s e  r e s u l t s  t ho  b i n d i n g  o f  c h o n d r o i t i n  
s u l p h a t e , w h i l e  c o m p a r a b l e  w i t h  t h a t  o f  h e p a r i n  a t  low pH,  
rk^aches a max imum a t  pH 6»3 o.nd i s  s t i l l  c o n s i d e r a b l e  even  
a t  pH 7» 3* I t  i s  n o t e w o r t h y  t h a t  t h e  h i g h  s p e e d  s  t i r r i n g  
wh i c h  d r a s t i c a l l y  r e d u c e s  t he  u p t a k e  o f  h e p a r i n  a t  pH .5-5 
and a b o v e ,  doe s  n o t  a f f e c t  t h e  max i mal  b i n d i n g  o f  c ' l o n d r o i t i n  
s u l p h a t e »  Wi t h  PC, a l t h o u g h  maximum b i n d i n g  o c c u r s  a t  pH 5*5 
a l r e a d y  by pH t » 3  t h e  u p t a k e  i s  z e r o  ana i n  c o n t r a s t  to  
c h o n d r o i t i n  s u l p h a t e ,  h i g h  s p e e d  s t i r r i n g  a b o l i s h e s  b i n d i n g  
a t  any  pH»
A number  a v e r a g e  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  c a r r i e a
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p u t  by o s mome t r y  on t h e  chrond ' ^c i  t i n  s u l p h a t e  s a m p l e  gave  
a m o l e c u l a r  w e i g h t  o f  33jOOC.  i-ln by u l t r a c e n t r i f u g a t i o n  
f o r  h e p a r i n  was  Q ,000 .  For  }Kx t he  r e p e a t i n g  '’doub l e t * '  was  
a s s ume d  to be  4 0 , 0 0 0  ( Ma t h e ws » 193H; P a r t r i d g e , JpGG)»
I f  t h e s e  m o l e c u l a r  w e i g h t s  a r e  taken,  i n t o  a c c o u n t  
( F i g u r e  2 )  t h e n  i t  can be c.  n c l u d e d  t h a t  t h e r e  i s  a p p r o x i m a t e l y  
one b i n d i n g  s i t e  on t h e  c o l l a g e n  p e r  g l y c o s a m i n o g  Lycan u n i t ,  
wh i c h  w o u l d  i mp l y  a v e r y  weak i n t e r a c t i o n ,  a t  l e a s t  as  d e t e c t e d  
u n d e r  t h e  p r e s e n t  e x p e r i m e n t a l  c o n d i t i o n s »  However  i t  
seemed  l i k e l y  t h a t  a c e r t a i n  p r o p o r t i o n  o f  m a c r o m c l e c u l e s  
c o u l d  be r e mo v e d  f r o m  s o l u t i o n  by e n t a n g l e m e n t  w i t h  o t h e r s  
a l r e a d y  bound t o t h e  s u r f a c e  o f  t h e  c o l l a g e n ^  To i n v e s t i g a t e  
t h i s  p o s s i b i l i t y ,  a f u r t h e r  c h e c k  was made on t h e  amount  
o f  bound dye  d i s p l a c e d  by c h o . \ d r o i t i n  s u l p h a t e  d u r i n g  t h e  
e x p e r i m e n t  a t  low pll» C h o n d r o i t i n  s u l p h a t e  was f o u n d  to be  
s u i t a b l e  by v i r t u e  o f  i t s  n e g l i g i b l e  a b s o r p t i o n  a t  2 9 .5nm»
A t  pH 4 . 5 » b»5 • 10 " y - m o l e s  o f  dye  were  r e l  e a s e d  p e r  mg 
o f  c o l l a g e n  by  7 -5  • 10  p - m o l e s  o f  c h o n d r o i t i n  s u l p h a t e »
I n  t h i s  d e t e r m i n a t i o n  t h e n ,  m o l e c u l a r  entanglerrcent  i s  a f f a o t i n g  
t h e  u p t a k e  by some 1 3 '/(> c f  t h e  t o t a l  v a l u e »
The r e s u l t s  i n d i c a t i n g  a l a c k  c f  i n t e r a c t i o n  o f  PG 
w i t h  c o l l a g e n  a t  p h y s i o l o g i c a l  pH a r e  i n  agreeme t i t  w i t h  
o t h e r  r e p o r t s  i n  t he  l i t e r a t u r e »  For  i n s t a n c e ,  S c h u b e r t  
( 1 9 G0 )  r e p o r t e d  t h a t  ' t h e r e  i s  no e v i d e n c e  t h a t  1 0  can he
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! a b s o r b e d  t o  c o l l a g e n  f i b r e s  i f  t h e y  a r e  i mmers ed  i n  a s o l u t i o n  
o f  PC' .
These  r e s u l t s  a r e  s u r p r i s i n g ,  h o w e v e r ,  f o r  t h e  f o l l o w i n g  
r e a s o n s :
1» The r e  i s  an i n t i m a t e  c o n n e c t i o n  b e t w e e n  PC and c o l l a g e n  
i n  v i v o  as  e v i d e n t  f o r  e x amp l e  by e l e c t r o n  m i c r o s c o p y  and  
i n  t h e  e x p e r i m e n t a l  d i f f i c u l t y  o f  f r e e i n g  PC f r o m  ' h y d r o x y  
p r o l i n e  c o n t a i n i n g  m a t e r i a l ' »
2» A d u l t  c a r t i l a g e  c o n s i s t s  a l m o s t  e n t i r e l y  o f  t h e  i n s o l u b l e  
f o r m  o f  c o l l a g e n  ( S c h u b e r t , 1 9^ 6 )  and f o r  t h i s  r e a s o n  p r i m a r y  
i n t e r a c t i o n  w i t h  s o l u b l e  c o l l a g e n  i s  i m p r o b a b l e , p a r t i c u l a r l y  
so b e c a u s e  i t  a p p e a r s  t h a t  n e w l y  s y n t h e s i s e d  c o l l a g e n  i s  
n o t  l i n k e d  to p r o t e o g l y c a n »  ( Le v e ne  c t  a l » ,  i 9 6 0 )»
I n  a d d i  t i o n  to t h e s e  p r o b l e m s , h ' aroudas  ( 1 9 7 0 ) ,  i n  a 
s t u d y  o f  t h e  d i f f u s i o n  o f  s o l u t e s  i n  a r t i c u l a r  c a r t i l a g e ,  h as  
c o n c l u d e d  t h a t  , ow i ng  t o  s t e r i c  e x c l u s i o n ,  t h e  l a r g e s tt
mo l e c u l  e s  wh i ch  c a r  ;; ene  t r a t  e i n t o  c a r t  i I age  a r e  o f  t he  
s i n e  o f  t h e  h a e m o g l o b i n  m o l e c u l e »  A l t h o u g h  z h i s  work  i s  
open t o some c r i t i c i s m  on t h e  g r o u n d s  t h a t  t h e  e x p e r i m e n t a l  
v a l u e s  s h e  o b t a i n e d  a r e  a v e r a g e  v a l u e s  f o r  s e v e r a l  mi I l i me  i r e s  
o f  c a r t i l a g e  and t h e r e f o i ' e  may n o t  r e f l e c t  t h e  s i t u a t i o n  c t  
a m o l e c u l a r  l e v e l ,  i t  doe s  s u g g e s t  d i f f i c u l t i e s  i n  u n d e r ­
s t a n d i n g  t h e  d i f f u s i o n  o f  PG w i t h i n  t h e  c a r t i l a g e »
Ye t  a g a i n  P:evel (197G^' ,  w i t h  a u t o r a d i o g r a c l i i c  s t u d i e s
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u s i n g  l a b e l l e d  g l u c o s e  h u s  sJ.own t h a t  a f t e r  two h o u r s ,  
o e c r e t e c .  m a t e r i a l  ( a s s ume d  t o be p r o t e o g l y c a n )  i s  a l r e a d y  
s e v e r a l  m i c r o n s  away f r o m  t he  c e l l s .
I n  v i e w  o f  t h e s e  d i f f i c u l t i e s  t h e n ,  i t  s eems  r e a s o n a b l e  
t o s u p p o s e  t h a t  i f  PG we r e  l i b e r a t e d  f r o m  t h e  c h o n d r o c y t e  
as  a s m a l l e r  u n i t ,  b o t h  d i f f u s i o i i .  and i n t e r a c t i o n  a t  
p h y s  i o l o g i c a l  pH wo u l d  be  p o s s i b l e .  S u p p o r t  f o r  t h i s  
hy p o  t h e s i s  h a s  be en  o b t a i n e d  r e c e n t l y  by S e r a f i n i - F r a c a s s i n i  
e t  a l .  ( 1 9 7 1 )*
A p o s s i b l e  i n t e r p r e t a t i o n  o f  t he  p e a k  u p t a k e s  o b t a i n e d  
f o r  PG and c h o n d r o i t i n  s u l p h a t e  i s  s u g g e s t e d  i n  t h e  l i g h t  
o f  t h e  e l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s  on t h e  c o l l a g e n /  
g I y c o s a m i n o g I  y e a n  comp I e x e s .
 ^ I n  a r e a l  s e n s e ,  a l l  e l e c t r o n  m i c r o g r a p h s  a r e  a r t i f a c t s
w h i c h  r e q u i r e  a s o u n d  c o n c e p t u a l  b a c k g r o u n d  f o r  t h e i r  
i n t e r p r e t a t i o n .  I n  t h e  p r e s e n t  c a s e  i t  i s  c o n s i d e r e d  
t h a t  a s  a r e s u l t  o f  s u l p h a t e  c r o s s l i n k i n g , each p o l y s a c c h a r i d e  
c h a i n  a d o p t s  a c o i l e d  c o n f o r m â t  ion. w h i c h  c o n c e n t r a t e s  t h e  
bound  b i s m u t h  s u f f i c i e n t l y  to p r o d u c e  an e l e c t r o n - d e n s e  
s p o t .  The s i z e  o f  t h e  s p o t  c a n n o t  be r e g a r d e d  a s  an 
a b s o l u t e  me a s u r e  c f  t he  d i men . s i ons  o f  t h e  c o i l e d  c h a i n s  
b e c a u s e ,  i f  p a r t  o f  t h e  c h a i n  i s  n o t  s u f f i c i e n t l y  c o i l e d  
t o  p r o d u c e  a t h r e s h o l d  c o n c e r ^ t r a t i o n  o f  b i smut r i ,  t ha t  p a r t
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Comp l ex  f o r m e d  a t  pH 3*5 b e t w e e n  c o l l a g e n  and b o v i n e  n a s a l  
p r o t e o g l y c a n .  Ar r o ws  i n d i c a t e  t r a n s v e r s e  o r i e n t a t i o n  
o f  some p r o t e o g l y c a n  m a c r o m o l e c u l e s .  B i s m u t h  n i t r a t e  
s t a i n i n g .
F i g u r e  6
k«9:
Comp l e x  o f  c o l l a g e n  and h e p a r i n  f o r m e d  a t  pH 6. 5 . 
Bi  an a i h  n i t r a t e  s t a i n i n g  ^
F i g u r e  7
Comp l e x  o f  c o l l a g e n  and  ChS f o r me d  a t  pH 6 . S. 
B i s m u t h  n i t r a t e  s t a i n i n g .
HP*
w i l l  n o t  be v i s i b l e »  D e s p i t e  t h i s  q u a l i f i c a t i o n ,  i t  i s  a 
f a c t  t h a t  t h e r e  i s  v e r y  c o n s i d e r a b l e  u n i f o r m i t y  i n  t h e  s i z e  
o f  t h e  s p o t s »  Thus ,  i n  t h e  m a c r o m o l e c u l e s  i n  F i g u r e  4 
t h e  p r o t e i n  c o r e  i s  u n s t a i n e d  and e ach  3 0  3 s p o t  r e p r e s e n t s  
a " d o u b l e t ” o f  c h o n d r o i  t i n  s u l p h a t e  h a v i n g  a m o l e c u l a r  
w e i g h t  o f  1 3 , 0 0 0  -  1 8 , 0 0 0  (Meyer ,  i 9 6 0 )»
From a q u a n t i t a t i v e  p o i n t  o f  v i e w ,  t h e r e  a r e  two 
d r a wb a c k s  to t h i s  method» F i r s t l y ,  t h e  t e n d e n c y  o f  b i s m u t h  
s t a i n i n g  t o  d e t a c h  bound p o l y s a c c h a r i d e  c h a i n s  f r o m  some  
a r e a s  o f  t h e  c o l l a g e n  f i b r i l s  , and,  s e c o n d l y ,  t he  
o c c u r r e n c e  o f  som.e d e g r e e  o f  e n t a n g l e m e n t  o f  f r e e  
m a c r o m o l e c u l e s , a s  a l r e a d y  d i s c u s s e d »  D e s p i t e  t h e s e  two 
l i m i t a t i o n s ,  i t  i s  c o n s i d e r e d  t h a t  e l c c t r o m  m i c r o s c o p y  
a f t e r  b i s m u t h  s i a i r . i n g  can r e a s o n a b  l y  be  i n t e r p r e t e d  
a s  g i v i n g  a u s e f u l  i n d i c a t i  on o f  t h e  o r g a n i s a t i o n  o f  t h e  
comp I exes»
I n  g e n e r a l ,  a t  Low pH v a l u e s  t h e  g l y c o s a m i n o g  Lyeans  
a r e  d i s t r i b u t e d  in. a r a t h e r  rundc-m f a s h i o n  o v e r  t he  w h o l e  
c o l l a g e n  p e r i o d .  At  h i g h e r  pH v a l u e s ,  t h e  b i n d i n g  p a t t e r n  
b e g i n s  t o e x h i b i t  a c e r t a i n  o r d e r ,  i n  p a r t i c u l a r  t he  c o n ­
c e n t r a t i o n  o f  bound  p o l y s a c c h a r i d e s  to a w e l l  d e f i n e d  
s i t e  i n  each  c o l l a g e n  p e r i o d »  F i g u r e  5 i l l u s t r a t e s  t h e  
b i n d i n g  p a t t e r n  o f  p r o t e o g l y c a n  m a c r o m o l e c u l e s  a t  pH 3 » 5 
(pH wh i c h  p r o d u c e d  max imum b i n d i n g ) » The p o l y s a c c h a r i d e
c h a i n s  a r e  v i s u a l i z e d  a s  JO 2 s p o t s ,  a n d  t h e  d i s p o s i t i o n  
o f  t h e s e  s p o t s  s t r o n g l y  s u g g e s t s  t h a t  some m a c r o m o l e c u l e s  
h a v e  a d o p t e d  an o r i e n . t a t i c n  t r a n s v e r s e  t o  t h e  c o l l a g e n  
f i b r i l  a x i s  ( a r r o w s  i n  F i g u r e  3)  w h e r e a s  o t h e r s  h a v e  a 
l o n g i t u d i n a l  o r i e n t a t i o n  q u i t e  d i s t i n c t  f r o m  t h e  i n v i v o  
a r r a n g e m e n t  f o u n d  i n  b o v i n e  c a r t i l a g e  ( S m i t h  ar,d S e r a f i n i -  
F r a c c a s i n i , 1 9 6 8 ) .  Above  pH 6 . 0  t he  o u t s t a n d i n g  f e a t u r e  
i s  a l i m i t a t i o n  o f  p o l y s a c c h a r i d e  b i n d i n g  t o t h e  w h o l e  o f  
a 3 0 0  2 z o n e  i n  each  c o l l a g e n  p e r i o d .  I n  F i g u r e  6 i t  i s  
e v i d e n t  t h a t  t h e  JOO /i -  w i d e  b i n d i n g  s i t e s  a r e  o c c u p i e d  
by rows  o f  c o i l e d  h e p a r i n  m o l e c u l e s .  The r e g u l a r  d i s t r i ­
b u t i o n  o f  c h o n d r o i t i n  s u l p h a t e  c h a i r s  on t h e  s u r f a c e  o f  a 
c o l l a g e n  f i b r i l  a t  pH 6 . 3  i s  shown i n  F i g u r e  7. I n d i v i d u a l  
s p o t s  a r e  n o t  e v i d e n t  a t  t h e  m a g n i f i c a t i o n  e r . p l oye d .
I n  a l l  p r e p a r a t i o n s  t h e  p r e s e n c e  o f  l a r g e  p a r t i c u l a t e  
a g g r e g a t e s  s t r o n g l y  s u g g e s t s  t h a t  i n  t h o s e  a r e a s  t h e  b a s i c  
p a t t e r n  d e s c r i b e d  abov e  i s  o b s c u r e d  by  e n t a n g l e m e n t .  Ho 
c l e a r  c onne c  t i o n ,  h o w e v e r ,  i s  a p p a r e n t  b e t w e e n  d e g r e e  o f  
e n t a n g l e m e n t  and  m o l e c u l a r  w e i g h t  o f  t h e  m a c r o m o l e c u l e s  
i n v o l v e d .
The e x a m i n a t i o n  c f  a t i t r a t i o n  c u r v e  o f  c o c t a p e r  
^ owe s  and K e n t e n ,  IS)^S) shows  t h a t  a t  low i ^ n i c  s t r e n g t h ,  
t h e  n e t  c h a r g e  i s  p r a c t i c a l  I y  z e r o  a b o v e  pH 4 so  t h a t  one  
m i g h t  be l e d  t o  as s ume  t h a t  no e l e c t r o s t a t i c  b i n d i n g  c o u l d
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t a k e  p l a c e  b e t w e e n  c o l l a g e n  and s u l p h a i e d  p o l y s a c c h a r i d e s  
a r o u n d  p h y s i o l o g i c a l  pH v a l u e s .  However ,  b o t h  c a t i o n i c  
and  a n i o n i c  amin.o a c i d  a r e  l o c a l i z e d  i n  n a r r o w z o n e s  w i t h i n  
t h e  c o l l a g e n  p e r i o d ,  as  i n d i c a t e d  by e l e c t r o n  m i c r o s c o p y  
and by amin.c a c i d  s e q u e n t i a l  s t u d i e s ,  and  t h e s e  c h a r g e d  
z o n e s  a r e  s e p a r a t e d  by n o n - p o l a r  r e g i o n s .  T h i s  a r r a n g e m e n t  
i n t r o d u c e s  t he  p o s s i b i l i t y  t h a t  a l t e r n a t i n g  r e g i o n s  o f  
p o s i t i v e  and n e g a t i v e  o v e r a l l  c ha r ge  c o u l d  e x i s t  e v e n  a t  
pH n e a r  t h e  i s o e l e c t r i c  p o i n t .  The c o n s e q u e n t  p r e s e n c e  
o f  an inhom-ogeneous e l e c t r i c a l  f i e l d  wo u l d  t he n  c r e a t e  
f o r c e s  wh i c h  c a u s e  an o j ^ i e n t a t c d  movement  c f  c n c r g e d  m a c r o ­
m o l e c u l e s  t o wa r d s  t h e  c e n t r e s  o f  i n h o m o g e n e i t y .  F o l l o w i n g  
s u c h  an i n t e r p r e t a t i o n  i t  i s  s u g g e s t e d  t h a t  t he  c o l l a g e n  
u s e d  i n  t h e  u p t a k e  e x p e r i m e n t s  a t  pH a b o v e  6 c o n t a i n s  an 
a p p r o x i m . a t e l y  JCO S - w i d e  z o n e  o f  o v e r a l l  p o s i i i v i t y .  An 
"optim-urri" c h a r g e  d i s  t r i b u t  i on  a t  a r o u n d  pH 6 c o u l d  t h e n  
e x p l a i n  t he  p e a k i n g  e f f e c t  d e s c r i b e d  f o r  t h e  up t aAe  o f  
b o t h  c h o p . d r o i t i n  s u l p h a t e  and c h o n d r o i t i n  s u l p h a t e  -  p r o t e i n  
c o m p l e x  t o g e t h e r  w i t h  t h e  o r d e r l y  arrangem . ent  o f  ma c r o ­
m o l e c u l e s  o b s e r v e d  i n  t h e  e l e c t r o n  m i c r o g r a p h s .  I n  t he  
c a s e  o f  t h e s e  two l a r g e r  m a c r o m o l e c u l e s , a more r e g u l a r  
p a c k i n g  on t he  s u r f a c e  o f  t he  c o l l a g e n  f i b r i l  wo u l d  then,  
i n  f a c t  m a x i m i z e  t h e  u t i l i z a t i o n  o f  t h e  f i x e d  b i n d i n g  
s i t e s ,  e v e n  a l t h o u g h  t h e s e  a r e  r e s t r i c t e d  t o  a p a r t i c u l a r
j  z o n e  i n  each  c o l l a g e n  p e r i o d ,
F-
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2M a t e r i a l s  and  Met hods
E x t r a c t i o n  o f  p r o t e o g I  y e a n  f r o m  b o v i n e  n a s a l  c a r t i l a g e .
B o v i n e  n a s a l  s e p t a  we r e  o b t a i n e d  w i t h i n  1 h o u r  o f  
s l a u g h t e r ,  r i n s e d  w i t h  w a t e r ,  c u t  i n t o  s t r i p s ,  and  d e h y d r ­
a t e d  w i t h  a c e t o n e .  The s t r i p s  we r e  t h e n  g r o u n d  u n d e r  a c e t o n e  
t o  f o r m  a p owde r .  The chondrouMcopro  t e i n  was  e x t r a c t e d  
by t h e  me t h o d  o f  M a l a w i s i a  and S c h u b e r t ( 1 9 5 8 ) ,  c a r e  b e i n g  
t a k e n  to e n s u r e  t h a t  t he  t e m p e r a t u r e  o f  t h e  s u s p e n s i o n  d i d  
n o t  r i s e  a b o v e  4^  C. The e x t r a c t  was f r a c t i o n a t e d  by t h e  
me t h o d  o f  G e r b e r ,  F r a n k l i n  and S c h u b e r t  (19bO) .  F o l l o w i n g  
home g e n i z a t i o n  i n  0 . 1 5  M ACI , t he  s o l u t i o n  was c e n i r i f u g e d  
f o r  1 h o u r  a t  7 8 , 0 0 0  g.  The p r o t o e g l y c a n .  was t h e n  p r e c i p i ­
t a t e d  f r o m  t h e  s u p e r n a t a n t  bg e t h a n o l .  A f t e r  w a s h i n g  w i t h  
more e t h a n o l  i t  was r e d i s s o l v e d  i n  0 . 1 5  // ACl  and  r e c e n t r i ­
f u g e d  a t  7 8 , 0 0 0  g f o r  1 h o u r .  The m a t e r i a l  was r e p r e c i p i t c t e  
w i t h  e t h a n o l ,  t h e  s u p e r n a t a n t  r e mo v e d  , and r e d i s s o l v e d  i n  
pO/j e t h a n o l .  F i n a l l y ,  t h e  p r o t e o g l y c a n  was p r e c i p i t a t e d  
by a d d i t i o n  o f  a s t r o n g  a q u e o u s  s o l u t i o n  o f  CaC l ^  and washed  
t h r e e  t i m e s  w i t h  e t h a n o l .  The m a t e r i a l  was d r i e d  and s t o r e d  
i n  a d e s s  i c a t o r .  B e f o r e  any  expc i - ' iment s  we r e  c a r , ' i e d  o u t  
w i t h  t h e  p r o t e o g l y c a n  a s t a n d a r d  p r o c e d u r e  was a d o p t e d  o f  
s o l u b i l i z a t i o n  o v e r  24 h o u r s  a t  4^C f o l l o w e d  by c e n t r i f u g a t i o n  
a t  7 3 , COO g f o r  1 h o u r  t o  remove  any  a g g r e g a t e d  m a t e r i a l
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Chemi ca l  t r e a t m e n t  o f  t he  p r o t e o g l y c a n .
The PG was t r e a t e d  w i t h  f r e s h l y  p r e p a r e d  d r y  0 . 1  /•/ HC l /  
a c e t o n e  f o r  1 h o u r  a t  room t e m p e r a t u r e  (2 0 ^ 0 ) a s  d e s c r i b e d  
by S e r a f i n i - F r a c a s s i n i  ( 1 9 6 3 ) .  E a r l y  a t t e m p t s  a t  c o m p l e t e  
s o l u b L I i z a t i o n  o f  i n e  d r i e d  m a t e r i a l  p r o v e d  u n s u c c e s s f u l .  
S u b s e q u e n t l y  i t  was f o u n d  t h a t  t he  t r e a t e d  PG was  c o m p l e t e l y  
s o l u b l e  i f  i t  was d i s s o l v e d  i m m e d i a t e l y  a f t e r  c o l l e c t i o n  
on t h e  t e f l o n  f i l t e r .  I t  s e ems  l i k e l y  t h a t  t h i s  phenomenon  
i s  c o n n e c t e d  w i t h  t h e  c o n t r a c t i o n  t h a t  o c c u r s  d u r i n g  t he  
d r y i n g  p r o c e s s  f o r ,  s i m i l a r l y ,  r a p i d  d e h y d r a t i o n  o f  PG w i t h  
a c e t o n e  c a u s e s  t he  m a t e r i a l  to c o n t r a c  t i n t o  a d e n s e  mass  
t h a t  i s  s o l u b l e  o n l y  w i t h  g r e a t  d i f f i c u l t y .  However ,  i n  t h i s  
c a s e  t h e  d r i e d  m a t e r i a l  w. .s u n d i s s o  I v e d  a f t e r  s t i r r i t ' p  i n  an 
e x c e s s  o f  2;S HCl a t  4^  C f o r  1 we e k .
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U l t r a f i l t r a t i o n  o f  t h e  c h e m i c a l l u  t r e a t e d  n r o t e o n l u c a n .
T h i s  p r o c e d u r e  was a d o p t e d  as  a s e p a r a t i  on me t h o d  b e c a u s e  
i t  i s  c a p a b l e  o f  b e i n g  u s e d  as  a c o n t i n u o u s  p r o c e s s ,  a s  a g a i j i s t  
h a t c h  t e c h n i q u e s  s u c h  as  g e l  c hr o , . i a i ogr aphu . I n  t h e  l a t t e r  
c a s e ,  A g a r o s e  g e l  i s  p a r t i c u l a r l y  s u i t a b l e  f o r  f r a c t i o n a t i o n  
i n  t h e  r a n g e  10Q,0CQ t o  1 , 0 C 0 , 0 0 0  m o l e c u l a r  ' . - e i ght ,  b'ut h i g h  
c o s t  and t e c J i n i c a l  d i f f i c u l t i e s  p r e c l u d e  i t s  use  f o r  l a r g e r  
s c a l e  p r e p a r a t i o n s  ( i e .  o v e r  JO mg l o a d . i n g ) . S i n c e  p h y s  t e a l  
c h a r a t e r i s a t i o n  s u c h  as  l i g h t  s c a t t e r i n g  o r  osmome t r y  i s  
i m p o s s i b l e  on v e r y  s m a l l  q u a n t i t i e s  o f  m a t e r i a l ,  u l t r a -  
f i l t r a t i o n  se e me d  to p r o v i d e  a s o l u t i o n  t o t h i s  p r o b l e m .
The f i  I t r a i i o n  was c a r r i e d  ou t  i n  JO ml c e l l s  (Araicon 
L t d . )  u s i n g  a r e s e r v o i r  a l l o w i n g  c o n t i n u o u s  f i l t r a t i o n .  The  
s y s t e m  b e i n g  p r e s s u r i s e d  5.v p A t r o g e n  a t  JO p s i .  The f i l t e r s  
we r e  o b t a i n e d  f r o m  e i t h e r  M i l l i p o r e  ( M i l l i p o r e  Carp»,  M a s s . )  
o r  from.  S a r t o r i u s
From i n f o r m a t i o n  s u p p l i e d  by t h e  i l a r Mf a c t u r e j ' s ,  i t  was f o u n d  
t h a t  b o t h  mahed o f  f i l t e r s  we r e  i d e n t i c a l  i n  c o m p o s i t i o n ,  
bei .ng e i t h e r  c e l  l u l o s e  a c e t a t e  o r  c e l l u l o s e  n i t r a t e .  The  
c h e m i c a l l y  t r e a t e d  p r o t e o g l y c a n  was d i l u t e d  i n  2p  KCl to a 
c o n c e n t r a t i o n  o f  a b o u t  O . J  me ml  * t o f a c i l i t a t e  f i I t r a t i o n  
w h i c h  was c a r r i e d  o u t  u s i n g  2 , 0 0 0  2 ; 1 , 0 0 0  S; JOO 2 e nd
200 -  J JO 2 f i l t e r s  i n  t h a t  o r d e r .  The f i l t r a t e  o b t a i n e d  i n  
each  c a s e  was wa s h e d  i n  s i t u  w i t h  a b o u t  2 0 0  n l  o f  s o l v e n t ,
c o l l e c t e d ,  and t h e n  d i a l y z e d  a g a i n s t  w a t e r  t o remove  e x c e s s  
s a l t  and l y o p h i l i z e d  p r i o r  t o  a n a l y s i s .
The f r a c t i o n s  o b t a i n e d  we r e  as  f o l l o w s :
F I ;  n o t  r e t a i n e d  by a 200 -  JJO 2 f i l t e r .
F2;  n o t  r e t a i n e d  by a JOO 2 f i l t e r  b u t  r e t a i n e d  by t h e  200  -
f i I  t e r .
F 3 ; n o t  r e t a i n e d  by a 1000  2 f i l t e r  b u t  r e t a i n e d  by  a JOO 2 j  
F4;  a t r ^ c e  amount o n l y ,  n o t  r e t a i n e d  by a 2000  2 f i l t e r  b u t  
r e t a i n e d  by a 1000  2 f i l t e r .
F3;  t h i s  was t h e  t o t a l  m a t e r i a l  r e t a i n e d  by t h '  2000  2 f i l t e r
A l l  f i l t r a t i o n  o p e r a t i o n s  we r e  c a r r i e d  o u t  i n  c. r e f r i g e r a t o r  
a t  4 °  C.
L i g h t  S c a t t e r i n g .
L i g h t  s c a t t e r i n g  m e a s u r e m e n t s  a t  546  nn  we r e  p e r f o r n e d  
a t  2 0 ^  C ( roam t e m p e r a t u r e )  w i t h  a B r i c e  P h o e n i x  p h o t o m e t e r .  
A b s o l u t e  t u r b i d i t i e s  we r e  d e t e r m i n e d  by t h e  w o r k i n g  s t a n d a r d  
m e t h o d  ( B r i c e  e t  a l . ,  1 9 5 0 ) .  The i n s t r u m e n t a l  p r o p o r t i o n ­
a l i t y  c o n s t a n t  loas d e t e r m i n e d  f r o m  t he  e q u a t i o n  g i v e n  by  
B r i c e  e t  a l ,  -  w i t h  t h e  n e c e s s a r y  d a t a  p r o v i d e d  by t h e  
m a n u f a c t u r e r s .  The w o r k i n g  s t a n d a r d  c o n s t a n t  a wh i c h  
r e l a t e s  t he  w o r k i n g  s t a n d a r d  to an opa l  d i f f u s e r  was a l w a y s  
r e d e t e r m i n e d  p r i o r  to any  s e t  o f  e x p e r i m e n t s .
A l l  d i l u t i o n s  on m a t e r i a l  we r e  c a r r i e d  o u t  i n  a d u s t  
box  w h i c h  was c o n s  t r u e  t e d  f r o m  p e r s p e x  w i t h  i n s e r t e d  p l a s t i c  
g l o v e s  t o  a l l o w  m a n i p u l a t i o n s  w i t h i n  t he  b o x .  By t r i a l  and  
e r r o r  i t  was f o u n d  t h a t  d u s t  was mos t  e f f e c t i v e l y  r e mo v e d  
by l i b e r a l l y  s m e a r i n g  t he  w a l l s  o f  t he  c o n t a i n e r  w i t h  
v a s e l i r . e ;  a c l o s e d  c i r c u i t  a i r  pump t h e n  c i r c u l a t e d  t h e  a i r  
t h r o u g h  t he  b c x  and  a d d i t i o n . a l  f i l t e r s  and  g r e a s e  t r a p s  
f o r  a b o u t  ten, r A n u t e s  p r i o r  to any ope r a  t i o n .  Dus t  was  
r e mo v e d  f r o m  s o l u t i o n s  by b o t h  f i l t r a t i o n  t h r o u g h  N i l l i p o r e  
f i l t e r s  C h i l l i p o r p  Corp.  , i!o.ss. , U . S . A . )  and  h i g h  s p e e d
c e n t r i f u g a t i o n .  For  s o l v e n i s ,  r e p e a t e d  f i l t r a t i o n  t h r o u g h  
2 2 0  nm p o r e  s i z e  f i l t e r s  ( t h r e e  t i m e s )  ga v e  s a t i s f a c t o r y  
r e s u l t s .  G l a s s w a r e  and  c e l l s  were  washed  i n  an ' a c e t o n e  
w a s h e r '  f o r  a mi n i mum p e r i o d  o f  t h r e e  h o u r s .
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S i n c e  f o r  v e r y  low s c a t t e r i n g  r a t i o s  d i s s y m r i c t r y  v a l u e s
>Z a r e  m i s l e a d i n g  due  to e m p h a s i s e d  r e f  L e c t i o n  e f f e c t s ,  Z
v a l u e s  c a n n o t  be u s e d  a s  a c r i t e r i o n  f o r  d u s t  f r e e  s o l v e n t s .
I n s t e a d ,  v a l u e s  f o r  t h e  a b s o l u t e  t u r b i d i t y  o f  l e s s  t han  
”5 -13 . 0  • 10  cm we r e  t a k e n  a s  b e i n g  i n d i c o . t  i v e  o f  a d e q u a t e
s o l v e n t  c l a r i f i c a t i o n .  I n  mos t  c a s e s ,  s c a t t e r i n g  m e a s u r e m e n t s  
we r e  f i r s t  made on s o l v e n t ,  t h e  m a t e r i a l  t h e n  b e i n g  f i l t e r e d  
d i r e c t l y  i n t o  t h e  c e l l  a f t e r  p r i o r  c l a r i f i c a t i o n .  S a m p l e s  
we r e  w i t h d r a w n  f o r  a n a l y s i s  i m m e d i a t e l y  a f t e r  s c a t t e r i n g  
m e a s u r e m e n t s .
Measurem^ent  o f  s p e c i f i c  r e f r a c t i v e  i n d e x  i n c r e m e n t  ( à n / S c ) .
Th e s e  v a l u e s  we r e  d e t e r m i n e d  a t  346  nm w i t h  a d i f f e r ­
e n t i a l  r e f  r a c  tome t e r  ( P o l y me r  Cc2i s u l t a n t s  L t d . ) .  The  
i n s t r u m . e n t  was c a l i b r a t e d  w i t h  s o l u t i o n s  o f  2 % s u c r o s e  u s i n g
a An v a l u e  o f  0 . 0 0 2 S 6 0  (Browne and Z e r b a n ,  1 9 4 1 ) .  The
- 7  -  ?c o n s t a n t  K was foup.d to be 9 »b39  • 10  m,l g and t h e
f o l l o w i n g  e q u a t i o n  was u s e d  :
An -  A Ad
whe r e  t h e  t o t a l  d e v i a t i o n  Ad i s  g i v e n  by
Ad zr (d  s o l n  -  d s o l n )  -  i d s o l v  -  d s o l v )
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For  e ach  v a l u e  o f  d,  t e n  r e a d i n g s  we re  a v e r a g e d ,  t he  v a l u e s  
a c c e p t e d  b e i n g  w i t h i n  t h e  r a n g e  ±  5 • 10  t h i s  r e s u l t i n g
i n  a l i m i t i n g  a c c u r a c y  o f  1 # 10 However ,  g e n e r a l l y
i t  was p o s s i b l e  t o  o b t a i n  r e a d i n g s  w i t h  a r e p r o d u c i b i l i t y  
w i t h i n  t h e  r a n g e  + 5  • JO o r  s l i g h t l y  b e t t e r ,  r e s u l t i n g
i n  an e r r o r  o f  a p p r o x i m a t e l y  1% i n  t h e  m e a s u r e d  An/Ac.
D e t e r m i n a t i o n ,  o f  t h e  m o l e c u l a r  w e i g h t  o f  s e r um a l b u m i n .
T h i s  was . c a r r i e d  ou t  a s  a c h e c k  on e x p e r i m e n t a l  t e c h n i q u e ,  
The c o n c e n t r a  t ioni» o f  t h e  a l b u m i n  ( Ca l b i o c h e m A g r a d e ,  
b o v i n e  plasri ia,  l o t  901689 ,  e I cc  t r o p h c r e t  Lea l  l y  p u r e )  we r e  
d e t e r m i n e d  s p e c t r o p h o i c m e t r i c a l l y  f r o m  m e a s u r e m e n t s  o f  t h e  
o p t i c a l  d e n s i t y  a t  2 / 6  nm.  A s t a n d a r d  c u r v e  was p r e p a r e d  
b a s e d  on d r y  w e i g h t s .  Us i n g  an e x p e r i m e n t a l l y  d e t e r m i n e d  
m o i s t u r e  c o n t e n t  o f  9 * 0  . f  0 . 3 /o, i t  loas f o u n d  t h a t  r e l i a b l ey
r e s u l t s  we r e  o b t a i n e d  w i t h i n  t h e  r a n g e  0 . 0 2  -  0.13TÎ* An/Ac 
was d e t e r m i n e d  f o r  a number  o f  c o n c e n t r a  t Ion's and was f o u n d  
t o  be  c o n s t a n t  w i t h i n  t he  r a n g e  0 . 3  -  3 *0,6 and t o h a v e  a 
v a l u e  0 . 1 8 9  ±  C . 6 f  t a k i n g  i n t o  a c c o u n t  t h e  m o i s t u r e  c o n t e n t  
o f  9)6. T h i s  v a l u e  i s  i n  a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  by  
Ha l we r  e t  a l . ,  ( 1951)*
L i g h t  s c a t t e r i n g  was c a r r i e d  out  on s o l u t i o n s  o f  a l b u m i n  
i n  0 , 1  M HaCl  by m e a s u r i n g  t h e  s c a t t e r i n g  a t  9 0 ^  i n  a s e m t -  
oc t a g o n a l  c e l l .  The  r . o l e c u l a r  w e i g h t  was o b t a i n e d  by p l o t t i n g
a g c i n c t  c o n c e n t r a t i o n  ( F i g u r e  8 ) .  The i n t e r c e p t  (by  
l e a s t  s q u a r e s )  was f o u n d  t o  he 1 . 4 6 ,  c o r r e s p o n d i n g  t o a 
m o l e c u l a r  w e i g h t  o f  6 8 , 5 0 0  -  a f i g u r e  w e l l  w i t h i n  t h e
p u b l i s h e d  e s t i m a t e s  f o r  t h i s  p r o t e i n .  ( T i e t z e  and H e u r a t h ,  
&3,0C0 - 7J,000 ; ScatcAard et at.,7o46\ &Q,000 Au 
o s m o m e t r y ) .
C h a r a c t e r i s a t i o n  o f  e x t r a c t e d  p r o t e o g l y c a n .
A n g u l a r  s c a t t e r i n g  i n t e n s i t i e s  o f  u n p o l a r i z e d  l i g h t  
we r e  Pleasured o v e r  t h e  r a n g e  35°  to 155^  u s i n g  a c y l i n d r i c a l  
c e l l .  The c e l l  was  c a l i b r a t e d  by d e t e r m i n i n g  t h e  r a t i o  o f  
90°  s c a t t e r  o f  0.03)6 PG i n  t h e  c y l i n d r i c a l  c e l l  to t h a t  i n  
t h e  p r e v i o u s l y  c a l i b r a t e d  s e m i - o c t c p o n a t  c e l t .  The p o s s i b i l i t y  
o f  d i s t o r t i o n  o f  t h e  s c a t  t e r i n g  e n v e l o p e  was i n v e s t i  g a t e d  
by m e a s u r i n g  t h e  s c a t t e r i n g  o f  a s o l u t i o n  o f  f l u o r e s c e i n  
( l  y p e r  m l ) .  S i n c e  t h e  f l u o r e s c e n c e  r a d i a  t i o n  o f  f l u o ­
r e s c e i n  c o n s i s t s  e n t i r e l y  o f  t h e  v e  n t i c c l  componen t  o f  p o l a r ­
i z e d  l i g h t ,  t h e  a n g u l a r  i n t e n s i t y  s h o u l d  be s y m m e t r i c a l  
a r o u n d  t h e  c e l l .  The a n g u l a r  d i s t r i b u t i o n  ( i n  a r b i t r a r y  
u n i t s )  . nul t i p l i e d  by s i n  0 t o  c o r r e c t  f o r  t h e  vo l ume  v i e w e d  
i s  shown i n  F i g u r e  p .  I t  can he s e e n  t h a t  t h e  o b s e r v e d  
i n t e n s i  t y  was i n d e p e n d e n t  o f  a n g l e  f r o m  4 0 °  t o  1 3 5 ^* A 
s o l u t i o n  o f  t h e  p r o t e o g l y c a n  i n  0 . 2 6 8  /*;' KCl  (2 %) was c l a r i f i e d  
by c e n t r i f u g a t i o n  a t  4 0 , 0 0 0  g f o r  t h r e e  h o u r s  and f i l t r a t i o n
t h r o u g h  a 4 JO nm. f i l t e r .  The R a y l e i g h  r a t i o  was d e t e r m i n e d  
by means  o f  t h e  e q u a t i o n  g i v e n  by Tom i mat su  and P a l me r  ( 1 9 6 3 ) .
The e q u a t i o n  i n c o r p o r a t e s  c o r r e c t i o n s  f o r  t h e  s c a t t e r i n g  
o f  t he  r e f l e e  t e d  p o r t i o n  o f  t h e  p r i m a r y  beam,  t he  a t t e n u a t i o n  
o f  s c a t t e r e d  l i g h t  a t  an a n g l e  G by r e f l e c t i o n  a t  t h e  a i r /  
g l a s s  i n t e r f a c e  a t  t h e  p o i n t  o f  r z s a s u r e m e n t , and  t h e  c o n t r i b u t i o n  
o f  r e f l e c t i o n  i n  t h e  Q d i r e c  t i o n  and o f  t he  l igt>t  s c a t  t e r e d  
i n  t h e  +(180  -  Q) d i r e c t i o n .  The d a t a  was t r e a t e d  a c c o r d i n g  to  
t h e  me t h o d  o f  Z i m m ( l 9 4 8 ) . For  PG, an a v e r a g e  v a l u e  o f  An/ Ac
was f o u n d  to be 0. .138 ml  g w h i c h  l e a d s  to a v a l u e  o f  K
2  2  2  —7e q u a l  t o  2 - ^ n ^  ( An / Ac )  o f  1 . 6 4  . 10  . C o n c e n t r a t i o n s
we r e  d e t e r m i n e d  b o t h  by r e f e r e n c e  to a s t a n d a r d  gr aph  o f  
a b s o r p t i o n  a t  2 / 3  nm and ,  c t  v e r y  low c o n c e n t r a t i o n s ,  by  
w e i g h e d  d i l u t i o n s .  Tha t  i s ,  t he  c e l l  was w e i g h e d  b e f o r e  and  
a f t e r  a d d i t i o n  o f  s o l v e n t .  S t i r r i n g  was c a r r i e d  out  by means  
o f  a m a g n e t i c  f l e a  -  t h e  p h o t o m e t e r  b e i n g  e q u i p p e d  w i t h  a 
s t i i ' r i n g  d e v i c e .
The a b s o r p t i o n  p l o t  was p r e p a r e d  on t h e  b a s i s  o f  a d r y  
w e i g h t  e s t i m a t i o n  averaQ^ . d f r o m  f o u r  e s t i m a t i o n s  on a s o l u t i o n  
o f  p r o t e o g l y c a n  d i a l y z e d  e x h a u s t i v e l y  a g a i n s t  w a t e r .
F i g u r e  8
P l o t  o f  H c / / f  a g a i n s t  c f o r  s e r um a l h u m i n .  
H i s  a c o n s t a n t
c i s  t h e  c o n c e n t r â t  i on  i n  gram p e r  c e n t  
^  i s  t h e  t u r b i d i t y
F u r t h e r  d e t a i l s  a r e  g i v e n  p a g e s  3 J -364






F i g u r e  9
I  . s i n  9 as  a f une t i o n  o f  a n g l e  0 f o r  
a s o l u t i o n  o f  f l u o r e s c e i n  i n  u a t o r »  D e t a i l s  
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F i n u r e  10
Zirvn p l o t  p r e p a r e d  f r o m  d a t a  o b t a i n e d  from,  
m e a s u r e m e n t s  o f  s c a t t e r i n g  i n t e n s i t y  on s o l u t i o n s  
o f  e x t  r. .c t e d  and p u r i f i e d  PC,
The f o u r  c o n c e n t r a t i o n s  u s e d  were:- -
7. ^
2 . 0 .G 2J02 %
J. 0 .02600  #
4 .  0 . 0 J J g 2  ^
K i s  a c ons  tar . t  
c i s  t h e  c o n c e n t r a t i o n
i s  t h e  R a y l e i g h  r a t i o  a t  a n g l e  G






Ul t r a c e n t  r i  f u a a l  a n a l i i r i s »
Ul t r a c e n t r i f u g a t i o n  loas pcrforrr iQd i n  a S p i n c o  mode l  
E u l t r a c e n t r i f u g e m  A i l  e x p e r i m e n t s  we r e  c a r r i e d  ou t  a t  
2 0 . 0 . ° C  i n  e i t h e r  an AnH o r  AnJ r o t o r ^
S e d i m . e n t a t i o n  v e l o c i t y *
S e d i m e / i t a t i o n  c o e f f i c i e n t s  we r e  d e t e r m i n e d  i n  a 12 mm 
s i n g l e  s e c t o r  c e l l  o r  i n  a 12  mm c a p i l l a r y  t y p e  s y n t h e t i c  
bo und ar y  c e l l *  S c h l i e r e n  p a t t e r n s  we r e  r e c o r d e d  on p h c t o -  
g r a p h i c  p l a t e s  and ana l y s e d  on a r r i c r o c o mp a r a t o i '  ( a d j u s t m e n t  
p o s s i b l e  down t o l \ im)* A p p a r e n t  s e d i m e n t a t i o n  c o e f f i c i e n t s  
were  c o r r e c t e d  t o  s t a n d a r d  corMi  t i o n s *
S e d i m e n t a t i o n  e q u i l i b r i u m *
S e d i m c f i i a t i o n  e o u i l i b r i u m  s t u d i e s  we r e  c a r r i e d  outI
w i t h  a 12  mm d o u b l e  s e c t o r  c e l l  w i t h  s a p p h i r e  wi ndows  u s i n g  
t h e  R a y l e i g h  i n t e r f e r e n c e  o p t i c a l  s y s t e m*  The m e n i s c u s  
d e p l e t i o n ,  e a u i  l i b r i u m  m e t h o d  c /  Y p h a n t i s  ( 1R64)  was u s e d  
i n  p r e f e r e n c e  t o t h e  raore c o m u e n i i o n a l  low s p e e d  t e c h n i q u e s *  
To a i d  d i s c u s s i o n  o f  t h e  a d v a n t a g e s  and l i f r A t a i i o n s  o f  t h i s  
me t h o d  some r e l e v a n t  t h e o r y  i s  i n c l u d e d  a t  t h i s  p o i n t *
I n  t h e  p r e s e n c e  o f  an e x t e r n a l l y  a p p l i e d  u l t r a c e n t r i -  
f u g a l  f i c l d y  t h e  c r i t e r i o n  f o r  e q u i  i ibriurr,  o f  a sys t em,  i s
t h a t  t h e  t o t a l  p o t e n t i a l  o f  any  c o n s t i t u e u i t  i s  c o n s t a n t  
a t  e ach  r a d i a l  p o s i t i o n  i n  t h e  c e l l *  Us i ng  t h i s  c i ^ i t e r i o n  
and i g n o r i n g  p r e s s u r e  d e p e n d e n c e , t h e  b a s i c  s e d i m e n t a t i o n  
e q u i l i b r i u m  e q u a t i o n  may be d e r i v e d  f o r  a b i n a r y  s y s t e m  
(Van Hoi  de and B a l d w i n ,  1958)
r l ( l  -  D c ju '  r . c _ ^  (1 f  c ( d l n ï / d c ) )
RT ■' d r  •
where  t h e  f i n a l  t e r m on t he  r i g h t  h and  s i d e  a l l o w s  f o r  
n o n i d e a l i  ty*
r  i s  t h e  r a d i a l  p o s i t i o n
c i s  t h e  c o n c e n t r a t i o n  a t  t h a t  r a d i a l  p o s i t i o n  
V i s  t h e  p a r t i a l  s p e c i f i c  vo l ume  o f  t h e  s o l u t e  
p i s  t h e  d e n s i t y  o f  t he  s o l u t i o n
y i s  t h e  a c t i v i t y  c o e f f i c i e . n t  o f  t h e  s o l u t e  on t he  
c o n c e n t r â t i on  s c a l e
T e m p o r a r i l y  n e g l e c t i n g  t h e  n c n - i d e a l i t y  t e r m,  t h i s  e q u a t i o n
I
i n t e r ms  o f  t h e  c o n c e n t r a t i o n  g r a d i  e n t  can be i n t e g r a t e d  
f r o m t h e  meni  s c u s  a t o  t h e  p o i n t  r  to g i v e  an eaua t i on f o r  
t he  c o n c e n t r a t i o n  a t  any  p o i n t *
l / c ( r )  d c ( r )  -  N (1 -  vp)w
Ja 'm I r d r1/ a
and In  c ( r.) _ AYJ - v p ) w^  -  a^
c ( a )  ~ RT * 2
T a k i n g  a n t i  Logs :
c ( r )  = c ( a )  • e xp  11(1 -  up)  a^  -  r “
RT 2
whe r e  M i s  i n  t h i s  c a s e  t h e  w e i g h t  a v e r a g e  m o l e c u l a r  w e i g h t *
For  low s p e e d  s t u d i e s  i n  a s e c t o r  s h a p e d  c e l l ,  a s s u m p t i o n  
o f  c o n s e r v a t i o n  o f  mas s  a l l o w s  m a n i p u l a t i o n  o f  t h i s  e q u a t i o n  
t o  g i v e  an e x p r e s s i o n  u t i  U s i n g  t h e  d i f f e r e n c e  i n  c o n c e n t r â t  i on  
b e t w e e n  t h e  m e n i s c u s  a and t he  b a s e  o f  t h e  c e l l  p  t o g e t h e r  
w i t h  whe r e  t h i s  i s  txh.e i n i t i c .1 c o n c e n t r a t i o n  ( i i / i l l iam. s  e t
a t . ,  705a ; .
c ( b )  ~ c (a)  N ( l  -  vp)w'~ b^  -  a^
C ~ RT ^o
The q u a n t i t y  c ( b )  -  c ( a )  w i l l  be p r o p o r t i o n a l  t o  t h e  t o t a l  
number  o f  f r i n g e s  c r o s s e d  i n  p r o g r e s s i n g  f r o m  t h e  m e n i s c u s  
to t h e  b a s e  o f  t h e  co l umn* To o b t a i n  t h e  numbe r  o f  f r i n g e s  
propo r t i o n a l  t o  a s y n t h e t i c  b o u n d a r y  e x p e r i m e n t  mus t  be  
per f orm. ed  i n  wh i c h  s o l v e n t  i s  l a y e r e d  o v e r  t h e  s o l u t i o n  
whe r e upon  t he  f r i n g e ' s h i f t  can be me a s u r e d  a c c u r a t e l y *
4 4
( L a n s i n g  and Kraenier ,  1936)*
An a l t c r n . a t i v e  f r i n g e  c a l  i hra i i i -n .  me t h o d  h a s  been  
s u g g e s t e d  by R i c h a r d s  and Schachrnan ( 19 59 )  • I n  t h i s  ruethod  
t he  p o i n t  i n  t h e  c e l l  i s  f o u n d  c.t w h i c h  t h e  c o n c e n t r a t i o n  
o f  s o l u t e  doe s  n.ot cJiange w i t h  t i me  -  t h a t  i s ,  t he  con-'  
c e n t r a t i o n  i s  e qua l  t o  C^* T h i s  s o - c a l l e d  h i n g e  p o i n t ’' 
may be f o u n d  r e l a t i v e  t o  t h e  a e r o  o r d e r  f r i i i g e  by a p r o c e d u r e  
d e t a i l e d  i n  t h e  paper*  D i f f i c u l t i e s  i n  u n a m b i g u o u s l y  
l o c a t i n g  t h e  z e r o  o r d e r  f r i r . g e  and t h e  n e c e s .  i t y  o f  c l o s e l y  
m a t c h i n g  t h e  r e f r a c t i v e  i n d i c e s  o f  r e f e r e n c e  and s amp l e  
s o l u t i o n s  a r e  c o n s i d e r a b l e  d r awbac k s  t o  t h i s  t e c h n i q u e *
As m e n t i o n e d  a b o v e ,  t he  i n t e g i ' a t e d  e q u a t i o n  f o r  low 
s p e e d  s t u d i e s  a s s u me s  c o n s e r v a t i o n  o f  s o l u t e ;  h o w e v e r  
Y p h a n t i s  ( 1964)  ha s  p o i n t e d  ou t  t h a t  i n  d i l u t e  s o l u t i o n s  
t h i s  may n o t  be j u s t i f i e d *  I f  t h i s  i s  so t h e n  t h e  a p p a r e n t  
w e i g h t  a v e r a g e  m o l e c u l a r  w e i g h t  de t e i ^ mi ned  w i l l  be t oo low* 
S o l u t e  Tcay be r e mo v e d  i n  two ways*
1* AggregC i t i on and s u b s e q u e n t  d e p o s i  t i o n *
2* A d s o r p t i o n  cn t o t h e  c e l l  w a l l s *
A g g r e g a t i o n  w i l l  r e s u l t  i n  b a s e  t h i c k e n i n g  w h i c h  i s  e a s i l y  
c hec ke d*  A d s o r p t i o n  h o w e v e r  may be u n d e t e c t a b l e *  E x p e r i m e n t s  
by Y p h a n t i s  ( 1 9 6 O) h a v e  shown t h a t  s i g n i f i c a n t  amoun t s  o f  
s o l u t e  may be a d s o r o e d  a t  c o n c e n t r a t i o n s  a r o u n d  0 . 05 / J  and  
be l o w,  t ’. a t  i s ,  a b o u t  0*5  mg p e r  ml  s i n c e  t h e  d o u b l e  s e c t o r
4^
c e l l s  u s e d  i n  e q u i l i b r i u m  s t u d i e s  h a v e  a c o m p a r a t i v e l y  
h i g h  s u r f a c e  a r e a  to vo l ume  r a t i o *  The s e  e x p e r i m e n t s  
t h e r e f o r e  chow t h a t  i n  d i l u t e  s o l u t i o n s  c o n s e r v a t i o n  o f  
s o l u t e  c a n n o t  be g u a r a n t e e d  and as  a r e s u l t  t h e r e  i s  a 
n e e d  f o r  a p r e c i s e  c o n c e n t r a t i o n  r e f e r e n c e  a t  some p o i n i  i n  
t h e  c e l l .  T h i s  may e a s i l y  be e s t a b l i s h e d  i f  t h e  s p e e d  i s  
s u f f i c i e n t l y  h i g h  t o c a u s e  d e p l e t i o n  o f  s o l u t e  f r o m  t he  
me n i s c u s *  I f  t he  c o n c e n t r a t i o n  o f  s o l u t e  a t  t h e  m e n i s c u s  
i s  a e r o  t h e n  c o n c e n t r a t i o n s  in t h e  c e l l  w i l l  he p r o p o r t i o n a l  
t o  t h e  r e f r a c t i v e  i n d e x  d i f f e r e n c e  b e t we e n  t h e  r e g i o n  n e a r  
t h e  m e n i s c u s  and t h e  p o i n t  o f  i n t e r e s t *  A p a r t  f r o m  o v e r c o m i n g  
t h i s  c o n c e n t r a t i o n  r e f e r e n c e  p r o b l e m  a number  o f  o t h e r  
a d v a n t a g e s  a r e  gain . ed by t h i s  p r o c e d u r e  :
1* The r e s u l t a n t  i n c r e a s e  i n  c o n c e n t r a t i o n  t owar ds  t h e  
b a s e  o f  t h e  co l umn  means t h a t  m e a s u r e m e n t s  on 
i n i t i a l l y  more  d i l u t e  s o l u t i o n s  a r e  p o s s i b l e *
I 2* S i n c e  t h e  d e g r e e  o f  c o n c e n t r a t i o n  i s  a f u n c t i o n  o f
t h e  e f f e c t i v e  m o l e c u l a r  w e i g h t  o f  a s p e c i e s  ma k i ng  
up a s o l u t i o n ,  a p a r t i a l  s i n e  f r a c t i o n a t i o n  can  
r e s u l t  w h i c h  i n  c e r t a i n  c a s e s  can r e s u l t  i n  e s t i m a t e s  
o f  t h e  sma l  l e s z  compone/ i t  c o m p r i s i n g  a s o l u t i o n .
3m I t  i s  p o s s i b l e  to o b t a i n  e s i i m . a t e s  o f  t h e  number
a v e r a g e  m o l e c u l a r  w e i g h t ,  f o r  L a n s i n g  and Kraemer  
( 1933)  p o i n t e d  o u t  t n a t  An can o n l y  be c a l c u l a t e d
4 0
d i r e c t l y  f r o m  s e d i m e n t a t  ion  e q u i l i b r i u m  d a t a  i f  
t h e  s o l u t e  c o n c e n t r a t i o n  a p p r o a c h e s  z e r o  a t  some  
p o i n t  i n  t h e  c e l l ,
4 .  C o n c e n t r â t i o n  d e p e n d e n t  s y s t e m s  may be s t u d i e d  i n  a 
s i n g l e  ru n ,  f o r  t h e  g r a d i e n t  w i l l  r a n g e  f r o m  z e r o  
a t  t h e  m e n i s c u s  to  a b o u t  0 , 1% f o r  a s a m p l e  l o a d i n g  
0/  0.05%^
T ime r e q u i r e d  f o r  a t t a i n m e n t  o f  e q u i l i b r i u m  i s  
r e d u c e d  -  t h i s  b e i n g  a v e r y  c o n s i d e r a b l e  a d v a n t a g e  
i n  a b usy  d e p a r t m e n t .
One d i s a d v a n t a g e  o f  t h i s  m e t h o d  l i e s  i n  t h e  l i m i t i n g  a c c u r a c y  
o f  abo u t  1 - 2  %, T h i s ,  h o w e v e r ,  i s  o f  m i n o r  i m p o r t a n c e  
c ompared  t o  t h e  power  o f  t h e  t e c h n i q u e  i n  a n a l y s i s  o f  n o n ­
i d e a l  p o l y  d i s p a r s e  s y s t e m s  a s ,  f o r  e x a m p l e ,  i n  t h e  p r e s e n t  
c a s e .
A d o p t e d  p r o c e d u r e .
I t  was f o u n d  a s  a r u l e  t h a t  e q u i l i b r i u m  iwas a t t a i n e d  i n  
a b o u t  t w e n t y  h o u r s ,  buz  i t s  p r e s e n c e  was a l w c y s  cn^cAed by  
c o m p a r i s o n  o f  p l a t e s  t a k e n  a t  h o u r l y  i n t e r v a l s .  The c r i t e r ­
i o n  f o r  d e p l e t i o n  was t a k e n  as  t he  a b s e n c e  o f  f r i n g e  d i s p l a a  
ment  f o r  a t  l e a s t  1 / 3  o f  t h e  co lumn h e i g h t  a s  i n  F i g u r e  11 
w h i c h  shows t h e  p l a t e  f o r  f r a c t i o n  1 ,
4:
R e s u l t s  were  p l o t t e d  i n  t h e  fo rm  o f  log  (Yr  -  Yo) (Yr  -  
>'o i s  t h e  n e t  f r i n g e  d i s p l a c e m e n t  ) ,  a g a i n s t  R^ ( t h e  d i s t a n c e  
o f  t h a t  p o i n t  f r o m  t h e  c e n t r e  o f  r o t a t i o n ) * V a lu e s  f o r  t h e  
p o i n t  avero.ge e f f e c t i v e  r e d u c e d  w e i g h t  a v e r a g e  mo I e c u l c r  
w e i g h t s  d e f i n e d  a s  wh e re  t h i s  i s
— * 2-  M(l  -  vp)w
2,were  t h en  p l o t t e d  a g a i n s t  R * These  we re  d e r i v e d  by d<^'-ter­
m i n a t i o n  v i a  l e a s t  s q u a r e s  o f  t he  s l o p e  o f  t h e  s t r a i g h t  l i n e  
t h r o u g h  s u c c e s s i v e  g r o u p s  o f  f i v e  p o i n t s ,  o v e r  t h e
w h o l e  c e l l  was o b t a i n e d  by  e x t r a p o l a t i o n  o f  a ( r )  v a l u e s  tow
the  ba se  o f  t h e  co l umn .  S i m i l a r l y ,  w h er e  p o s s i b l e , (Nw)c t" o
v a l u e s  were  o b t a i n e d  by e x t r a p o l a t i o n  to  t h e  m e n i s c u s .  I n
a l l  c a s e s  t h e  e x t r a p o l a t i o n s  were  p e r f o r m e d  by l e a s t  s q u a r e s
2r e g r e s s i o n .  Jn  t h e  lo g  ( Y r  -  Yo) /  R p l o t s ,  s i n c e  p o l y -  
^ d i s p e r s i t y  w i l l  r e s u l t  i n  upward c u r v a t u r e  end  n o n - i d e a l i t y  
i n  downward  c u r v a t u r e , i t  i s  to  be e x p e c t e d  t h a t  m a t e r i a l  
e x h i b i  t i n g  b o t h  t h e s e  c h a r a c t e r i s t i c s  ( s u c h  as  f r a c t i o n s  o f  
g l y c o s a m i n o g l y c a n s ) , m i g h t  w e l l  y i e l d  a r e s u l t a n t  s t r a i g h t  
l in . e .  For  t h i s  r e a s o n ,  m a t e r i a l  was e x a m i n e d ,  where  p o s s  i b l e , 
a t  h i g h  ( a b o u t  0 , 6  mg ml  ^ )  and  low c o n c e n t r a t i o n .  (0 , 2  mg nil" 
To r e d u c e  u n f o r e s e e m  c o m p l i c a t i o n s  a r i s i n g  f r o m  i n t e r -  
a c t i o n s  bat iosen cor^poner . t s  2 , J  end  4 e t c . ,  tha ru . i s  u e r e
4  c
FiqupQ 11
A p p e a r a n ce  o f  t h e  i n t e r f e r e n c e  f r i n g e s  a t  equ i  Libriarr,  
i n  a m . eni scus  d e p l e t i o n  e x p e r t -72o n t .  The examp l e  snown 
i s  t h a t  f o r  f r a c t i o n  1 ; t h e  r e s u l t s  a r e  p l o t t e d  i n  
F i g u r e s  19 and  20 ,
c a r r i e d  o u t  i n  n o n b u f f c r e d  s o l u t i o n s  a t  t h a  i s o e l e c t r i c  
p o i n t  o f  t h e  sarap l e .  The pH o f  a s o l u t i o n  o f  p r o t e o g l y c a n  
Co, 5 mg in.l"'^ ) was a b o u t  4 a nd  was f o u n d  n o t  t o  v a r y  s i g n i f ­
i c a n t l y  on s t a n d i n g .
Dp t e r m i n e t i o n  o f  p a r t i a l  s p e c i f i c v o l ume .
A p p a r e n t  p a r t i a l  s p e c i f i c  v o l u m es  we re  c a l c u l a t e d  
f r o m  d e n s i t y  m e a s u r e m e n t s  c a r r i e d ,  o u t  i n  a d e n s i t y  g r a d i e n t  
c o l umn  (L i n d e r s t r o m - L a n g  and  Lanz ,  1935 ) •  The co lumn was  
p r e p a r e d  f r o m  m i x t u r e s  o f  b romobe nzene  ( f r e s h l y  d i s t i l l e d )  and  
k e r o s e n e ,  t o  g i v e  a g r a d i e n t  o v e r  t h e  ra n g e  0 , 9 9  -  l -,03  s g  -  
c a r e  b e i n g  t a k e n  t o  p r e s a t u r a t e  t he  co l umn  w i t h  w a t e r .
A p r e c i s i o n  s y r i n g e  was u se d  to i n t r o d u c e  d r o p s  i n t o  
t h e  co l umn  (ave i ' age  v o l um e  a b o u t  0 , 5 h l )  and  t h e  e q u i l i b r i u m  
p o s i t o n  o f  t h e  d r o p s  was d e t e r m i n e d  u s i n g  a t r a v e l l i n g  
m i c r o s c o p e  w i t h  r e p r c d u c i b i l i t y  in  t h e  o r d e r  50  nm, g i v i n g  
a l i m i t i n g  a c c u r a c y  o f  I f ,  I t  was f o u n d  t h a t  s l i g h t  v a r i a t i o n  
in  d r o p l e t  s i z e  made no d e t e c t a b l e  d i f f e r e n c e  t o  t h e  e q u i l i b r i  
p o s i t i o n .  The co lumn e n c l o s e d  i n  a w a t e r  J a c k e t  was z i a i n t a i n e  
a t  a t e m p e r a t u r e  o f  2 0 , 0 0  0 , 0 1 ^ C ,  The a p p a r e n t  p a r t i a l
s p e c i f i c  v o l um e  was c a l c u l a t e d  f r o m t h e  r e l a t i o n  :
V = 1 0 0 / d -  (100 - n ; / d
n
/ where  d i s  g i v e n  by
d  -  d  -h ( h  -  h ^ )  ( d  -  d ^ )1 ± , 2 j.
( h ^ -  h ^ )
d i s  t he  d e n s i t y  o f  t h e  s o l u t i c n ,  
d^ i s  t h e  d e n s i t y  o f  t h e  s o l v e n t ,
d^ i s  t h e  d e n s i t y  o f  a s u c r o s e  s t a n d a r d  and h^ i t s  p o s i
d^  i s  t h e  d e n s i t y  o f  t h e  n e x t  s t a n d a r d ,
n i s  t h e  c o n c e n t r a t i o n  i n  g/ lOO r d .
The co lumn was c a l i b r a t e d  by u s i n g  s o l u t i o n s  o f  s u c r o s e  o f  
known d e . n s i t y .  A p p r o x i m a t e l y  5f '  s u c r o s e  was made on a l i t r e  
s c a l e  to  m i n i m i s e  e r r o r s  and d i l u t e d  i n  100 ml  p o r t i o n s .  Th.e 
d e n s i t i e s  o f  t h e s e  s o l u t i o n s  were  e s t i m a t e d  by i n t e r p o l a t i o n  
on a g r a p h  p r e p a r e d  from, d a t a  f o r  t he  de ns  i t i e s  o f  2  -  5% 
s u c r o s e  f r o m  th e  I n t e r n a t i o n a l  C r i t i c a l  T a b l e s ,
The a p p a r e n t  v a l u e s  o f  v c a l c u l a t e d  f o r  g l y c o s a m i n o -  
g l y c a n s  a r e  a s s ume d ,  f o r  t h i s  work ,  t o  be c o n c e n t r a t i o n  
i n d e p e r . d e n t  -  t h a t  i s ,  t h e s e  s o l u t i o n s  a r e  asswr ,ed  t o  be  
i d e a l .  T h i s  i s  p r o b a b l y  an i n c o r r e c t  a s s u m p t i o n , h o w e ve r ,  
i t  i s  c o n s i d e r e d  t h a t  t h e  a c c u r a c y  o b t a i n a b l e  u s i n g  t he  
d e n s i t y  g r a d i e n t  colu?nn d o es  n o t  J u s t i f y  rn.easurem.ents 
a l l o w i n g  e x r  p n l c t i o n  o f  v to  z e r o  c o n c e n t r a t i o n .
S i n c e  t he  g l y c o s a m i n o g l y c a n s  and  r e l a t e d  rn ac ro m oI ecu i e s
a rc  p o l y e l e c t r o l y t e s  w i t h  v e r y  h i g h  c h a rg e  to w e i g h t  r a t i o s ,  
t h e  p r e s e n c e  i n  s o l u t i o n  o f  a r e a s o : a b i y  h i g h  c o n c e n t r a t i o n  
o f  t h i r d  conipone/i t  ( g r e a t e r  t han  a b o u t  0 , 2  I )  i s  n e c e s s a r y  
to r e d u c e  t he  e f f e c t s  o f  n o n - i d e a l i  i y , As a r e s u l t  o f  t h i s ,  
i n t e r a c t i o n s  b e t w e e n  t h i s  t h i r d  component  and t h e  m a c ro m o l e cu l  
w i l l  a l t e r  i t s  a p p a r e n t  m o l e c u l a r  w e i g h t .  However ,  C a s a s sa  
and E i s e n b e r g ,  ( 1 9 6 1 ) , h a ve  shown t h a t  i t  i s  p o s s i b l e  to  
d e r i v e  t h e  c o r r e c t  m o l e c u l a r  w e i g h t  w i t h o u t  s p e c i f i c a l l y  
e v a l u a t i n g  t h i s  i n t e r a c  t i o n .  They  ha ve  d e r i v e d  t he  f o l l o w i n g  
e x p r è s ,  ion  f o r  u , t h e  t r u e  p a r t i a l  s p e c i f i c  v o l u m e .
V* = 1 ( v  + T )
where  v i s  t he  a p p a r e n t  p a r t i a l  s p e c i f i c  vo l ume  c a l c u l a t e d  
f r o m  d e n s i t y  m e a s u r e m e n t s  on a s o l u t i o n  o f  componen t  ? 
d i a l b z e d  e.mhaus t i v e  I y  a g a i n s t  a s o l u t i o n  o f  t h e  t h i r d  
c o m p o n e n t , The p r o b l e m  t h u s  amount s  to f i n d i n g  a v a l u e  
f o r  T w h i c h  i s  t h e  f r a c  t i o n  o f  a s s o c i a t e d  c omponen t  3- f o r  
t n c  v a l u e s  c f  v u s e d  h e r e ,  T ha s  been  e s t i m a t e d  f r o m  d ry  
we i gh t e s t  ima t i ons  on equ i I i b r i  um d i a I raa t e r i a l  u j i th
checJis by r e  f r a c  tome t r y , I t  i s  c l e a r  t h a t  n e i t h e r  o f  th.esc  
m e t h od s  can g i v e  v a l u e s  c om pa rab l e  w i t h  t h e  s e n s i t i v i t y  o f  
t h e  d e n s i t y  de i erm . i na l  i o n s , b u t ,  as  y e t ,  a s o l u t i o n  to  t h i s  
p r o b l e m  h a s  n o t  bee n  f o u n d .  For  t h e  de te^r'ainai  i o n s  on g l y c o .
a m i n o g L y e a n s , u v a l u e s  have  been  i n  t h e  o r d e r  0 . 5 3  w i t h  
 *v a l u e s  o f  v i n  t h e  o r d e r  O.O5. T h i s  i s  a c o n s i d e r a b l e
d i f f e r e n c e  i n  v i e w  o f  t h e  e f f e c t  t h i s  w i l l  ha ve  on t he
a p p a r e n t  m o l e c u l a r  w e i g h t .  B e c a u se  o f  t he  r e c i p r o c a l
— *r e l a t i o n  b e tw e en  n ( t h e  m o l e c u l a r  w e i g h t )  and  v , t h e  
i m p o r t a n c e  o f  a c c u r a t e  d e t e r m i n a t i o n s  o f  t!ic l e t t e r  i n c r e a s e  
w i t h  m o l e c u l a r  w e i g i . t .  As an i l l u s t r a t i o n  o f  t h e  m a g n i t u d e  
o f  t h i s  d e p e n d e n c e ,  some v a l u e s  o f  v hav e  bee n  p l o t t e d  
a g a i n . s t  t h e  c o r r e s p o n d i n g  a p p a r e n t  m o l e c u l a r  w e i g h t s  
o b t a i n e d  by u s i n g  an a r b i t r a r y  v a l u e  o f  O. 6 3  cm f o r  t h e  
e f f e c t i v e  r e d u c e d  ilw. These  a r e  shown i n  F i g u r e  12,  T h i s  
p e r h a p s  r a t h e r  o b v i o u s  r e l a t  i o n s h i  p i s  s t r e s s e d  i n  v i e w  o f  
t h e  wi  d e s p r e a d  p r a c t i c e  o f  e i t h e r  assum . ing a v a l u e  f o r  v c r  
a p p a r e n t l y  neg  I c c t  in.g a p o s s i  b l e  c o r r e c t i o n  f o r  i t .
F i q u r e  12
P l o t  o f  V a g a i n s t  a p p a r e n t  mcLocuLar  w e i g h t  
u s i n g  an v a l u e  c f  0 , 6 5  S e e  page  52 ,

























Osmomctr j ; ,
A 503  h i gh - sp eQ c i  niQmbrane csrnomQter ( l lQule i  t - F a c k a r d f  
f a . ;  U,S*A*)  e q u i p p e d  u i t h  B - I 3  ( S c h l e i c h e r  and
S c h u e l l f  Keene ,  Germany)  was u s e d  t o m e a s u r e  osmto i ic  
p r e s s u r e s .  The  c o n s t a n t  t e m p e r a t u r e  c o n t r o l  was s e t  a t  20 
To r e d u c e  t h e  e f f e c t s  o f  Donnan equ i  i b r i  um, d é t e r m i n a t i o n s  
we re  c a r r i e d  o u t  on s c m p l c s  d i s s o l v e d  i n ,  o.nd d i a l i z e d  
a g a i n s t ,  1 /•; KCl ,  A s i o c A  s o l u t i o n  o f  m a t e r i a l  was p r e p a r e d  
on t h e  b a s i s  o f  d r y  w e i g h t  and  p r o g r e s s i v e  d i l u t  i o n s  were  
made f r o m  t h i s .  For  each  c o n c e n t r a t i o n  f o u r  s e p a r a t e  
d e t e r m i n a t i o n s  were  c a r r i e d  o u t .  By c a r e f u l  w e i g h i n g s  o f  
t h e  d i a l y s i s  s a c  ( w i t h  a l l o w a n c e  f o r  t h e  we t  w e i g h t  o f  t h e  
t u b i n g ) ,  t h e  c h a n g e s  i n  vo l u me  o f  s o l u t i o n  d u r i n g  d i a l y s i s  
we re  t a k e n  i n t o  a c c o u n t  i n  e s t i m a t i n g  c o n c e n t r a t i o n s .
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Amino a c i d  a n c l y s i s .
S o l u t i o n s  o f  t h e  v a r i o u s  s a m p l e s  i n  a b o u t  200 t im.as t h e i r  
own w e i g h t  o f  c o n s t a n t  b o i l i n g  HCl,  were  h e a t e d  in  s e a l e d  tube  
u n d e r  vacuuni a t  11 0^  f o r  24 h o u r s .  The s a m p l e s  were  t a k e n  
down to d r y n e s s  i n  a r o t a r y  f i l m  e v c p o r a t o r ,  t h e  t e m p e j ' a t u r e  
o f  t h e  b a t h  b e i n g  m a i n t a i n e d  a t  jO^  C, Amino a c i d  a n a l y s i s  wa 
c a r r i e d  o u t  w i t h  c i t h e r  a T e c h n i c  on A u t o - a n a l y s c r  or  a L c c a r t  
m a c h i n e .  T r y p t o p h a n  was n o t  a n a l y s e d  i n  v i e w  o f  i t s  d o u b t f u l  
o c c u r r e n c e  i n  PG, ( S e r a f i n i - F r a c a s s i n i  e t  a l , ,  I T o ? ) ,  h e x -  
o s a m i n c s  were  e s t i m a t e d  a t  t h e  sa/nc t i m e .  D e s t r u c t i o n  due to  
h y d r o l y s i s  o f  am i no a c i d s  was c o r r e c t e d  f o r  by means o f  t h e  
c o e f f i c i e n t s  d e r i v e d  by S e r a f i n i - F r a c a s s i n i  e t  c l ,  ( i p b y ) .
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RESULTS,
L i g h t  s c a t  tQr in . g .
Froïïi F i g u r e  10 t h e  s l o p e  o f  t he  e x t r a p o l a t e d  z e r o
7c o n c e n t r a t i o n  l i n e  i s  1 1 , pS , 10  and  t h e  common i n t e r -
7 Gc e p t  i s  2 , 2 3  , 10 , The m o l e c u l a r  w e i g h t  i s  4 . 4  . 10 ,
S i n c e  f o r  t h e  two e x t r a p o l a t e d  l i n e s  t h e  f o l l o w i n g  r e l a t i o n s
a p p l y :  f . | | ;  c ^  o =■
e  = o j'iw
RQ c = o g-.—  ( l  -f- lorr  , s i n
Q ^  o — 7  °5 /
t h e n  t h e  s i  ope a t  z e r o  c o n c e n t r a t i o n  w i l l  be
1 6 . -  ^ ^ 2  , . 2 „g • I * * s I n ^G \
3 \^  i n t e r c e p t  ' 2
o r  ' i n i t i a l  s l o p e  = . y  .
Y i n t e r c e p t  O / I
and  t h e  s l o p e  a t  z e r o  G i s  2B/K
From t h e  g ra ph ,  it. i s  c l e a r  t h a t  t h e  s e c o n d  u i r i a l  c o e f f i c i e n
B i s  n e g l i g i b l e ,  s nowinp  t h a t  t h e r e  i s  l i t t l e  i n t e r a c t i o n
b e t w e e n  m o l e c u l e s  a t  t h e  c o n c e n t r a t i o n s  u s e d ,
, t h e  Z a v e r a g e  r a d i u s  o f  g y r a t i o n ,  i s  2 , 3 2 0  x .
T h i s  i s  on t h e  a s s u m p t i o n  t h a t  t he  f e f r a c t i v e  i n d e x  o f  t h e
s o l u t i o n  o f  PG i s  n o t  s i g n i f i c a n t  I y d i f f e r e n t  f r o m  t h a t  o f
w a t e r  -  t a k e n  a s  1 , 3 3 4 ,  The v a l u e  f o r  )  was t h e n  t a k e n  as' I
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54bO 2 m u l t i p l i e d  by  1.23^* -  7283 .  6  3
UI t r c - c e n t r i f i i g a  t i o n ,
9 2P l o t s  o f  l og  (Yr  -  Yo) /  R‘~ and cc^(r)  /  R a r e  g i v e n  
i n  F i g u r e s  13 to 2S ,
A p r e l i m i n a r y  e x p e r i n i e n t  was c a r r i e d  o u t  w i t h  c h y m o t r y p ­
s i n  a s  an ex am p le  o f  a f a i r l y  hon'iogeneous and i d e a l  s a m p l e ,
.4t t h e  o t h e r  e x t r e m e ,  a l k a l i - e x t r a c t e d  c h o n d r o i t i n  s u l p h a t e  
was u s e d  a s  an ex am p le  o f  a p o l y d i s p e r s e  and n o n - i d e a l  m a t e r i a
y
Data on t h e  v o . r ious  'f r a d i o n s  o r e  g i v e n  i n  t h e  l e g e n d s  f a c i n g  
t h e  g r a p h s .  The l i n e s  i n d i c a t i n g  t h e  c o lumn b a s e s  i n  some  
g r a p h s  a re  n o t  a c c u r a t e l y  p l a c e d ,  bu t  a r e  p u t  a s  g u i d e s .
The m e n i s c i  a r e  o m i t t e d  s i n c e  t h e y  w ou l d  be o u t  o f  s c a l e .
Osmometry
R e s u l t s  e r e  g i v e n  i n  F i g u r e  29 ,  The i n t e r c e p t  i s  1,4-36 
w h i c h  c o r r e s p o n d s  to  a m o l e c u l a r  w e i g h t  o f  2 0 , 1 2 0  f_ oOO 
Due to  l a c k  o f  m a t e r i a l ,  e x p e r i r n e n t s  we re  p e r f o r m e d  f o r  
f r a c t i o n  1 o n l y .
5 8
F i g u r e s 13  o.nd l4
C h y m o t r y p s i n  ( S i g m a )  u n f r c c t t o n a t e d .
C o n c e n t r a t i o n  = 0.54  mg ml  ; p h o s p h a t e  b u f f e r  pH 7*2
s p e e d  - 5 5 , 4 5 0
V = 0 , 7 2 1  ( V a l u e  t a k e n  f r o m  Schachrnan, 2 2 6 5 ;
IjW zr 25,480
TiZ = 2 6 , 9 0 0  (h '2 o v e r  e n t i r e  c e l l )
The l i t e r a t u r e  v a l u e  i s  g i v e n  a s  2 4 , 3 0 0  (Schachrnan,  1 9 6 3 )
The  e x t r a p o l a i  ion  show n i n  F i g u r e  l 4  i s  n o t  i n t e n d e d  to  
r e p r e s e n t  an  e x t r a p o l a t i o n  t o  t h e  m e n i s c u s .
A l t h o u g h  l i n e s  h av e  be en  draw n on one o r  two g r a p h s ,  
t h e y  h av e  g e n e r a l l y  b e en  l e f t  ou t  s i n c e  i t  was f e l t  














F i g u r e s  15 Q-nd l 6
S a n p l e :  C h o n d r o i t i n  s u l p h a t e
c o n c e n t r a t i o n  -  0*65 mg ml ^ i n  2% KCl
s p e e d  --
V = Cm 650
a ( b a s e )  = 0 * 5 1 510
H z ( b a s e )  = 5 8 ^ 5 0 0
a ^ ( m e n i s c u s )  = 0 * ^ 5 7  
Hu)( " )  = 2 5 ,6 A0
I t ' f j ^ i l l  oc n o t e d  ih . \ t  i n  t h e  a  p l o t s  t h e r e  i s  a * d e a d '  
s p a c e  a t  t h e  b a s e  o f  t h e  co lumn* T h i s  r e s u l t s  f r o m  t h e  
a v e r a g i n g  p r o c e d u r e  o f  u s i n g  5 p o i n t s .  I n  any  c a s e ,  
es  t i r . ' t i o n s  j.i t h e  base  o f  t h e  co lumn a r e  s u s p e c t  b e c a u s e  
o f  t h e  d i f f i c u l t y  i n  r e a d i n g  t h e  f r i n g e  d i s p l a c e m e n t s *  
T h i s  o n l y  a p p l i e s  to r e a d i n g s  l o i t h i n  a b o u t  50\jm from, th e  
o i l *  Beyond  t h i s  r e g i o n ,  t h e  r e a d i n g s  a re  v e r y  a c c u r a t e  
( ^  2 \xm) s i n c e  t h e y  p e p r c s e n t  a r e l a t i v e l y  l a r g e  o f  t h e  
t o t a l  d i s p l a c e m e n t *  The u n c e r t a i n t y  r i s e s  a g a i n  n e a r e r  











F i g u r e s  17 and 18
S a m p l e :  C h o n d r o i t i n  s u l p h a t e
c o n c e n t r a t i o n  = 0 . 2 4  mg ml i n  KCl
s p e e d  = 2 1 ,7 ‘iO
V = 0.6^30
a ( b a s e )  = 1 .0 8 4w
F,z -  ^4, ^50
a v e r a g e  on l i n e a r
p o i n t s  = 0.331
7?w -  3 2 ,8 6 0











































F i g u r e s  23 ^nd 24
S a m p l e :  F r a c t i o n  2 ; r e t a i n e d  by 2 00  -  350 S c e l l u l o s e  a c e t a t e
f i l t e r ,  !Jot r e t a i n e d  by 500  3 c e l l u l o s e  
n i t r a t e  f i l t e r .  Abou t  l,5'/o o f  t r e a t e d  PC,
c o n c e n t r a t i o n  = 0 , 3 3  ^^9 ral^^ i n  2/j KCl
s p e e d = 27 , 0^0
-  0# 66o
a ( b a s e )  w
N z ( b a s e )
= 0 . 6S1
= 2 7 , 2 9 0
cf f r o m  F i s ,  23 -  0,G' /pw
c o r r e s p o n d i n g  Fw = 27,200
The re  i s  no e v i d e n c e  o f  a ’monomer* s p e c i e s  so a. ( m e n i s c u s )w
















F i g u r e s  2 ^  and 26
S a m p l e :  F r a c t i o n  J  ; r e t a i n e d  by 500  2 f i l t e r  ( c e l l u l o s e  n i t r a t e )
■Jot r e t a i n e a  by 1000  3. f i l t e r *
About  1^ ,0 o f  t r e a t e d  FG*
c o n c e n t r a t i o n  = 0*50  mg m l ” ^ i n  2% KCl
s p e e d  = 2 4 , 6 4 0
 ♦V = 0 * 6 5 5  ( e s t i m a t e d )
Of ( b a s e )  = 0*466w
F s ( b a s e )  = 2 5 , 1 0 0
a ( m e n i s c u s )  -  0*282u
r k- j (meniscus)  -  l 4 ,0 0 0


















F i g u r e s  and 28
S a m p l e :  F r a c t i o n  4 ; t r a c e  amount  r e t a i n e d  by 1000 n f i l t e r
Not  r e t a i n e d  by 2000 a f i l t e r »  ( C e l l u l o s e  n i t .
c o n c e n t r a t i o n  = ab ou t  0»3 ^-3 ttiI ^ i n  2% KCl
s p e e d  -  2 7 , ^ 9 0
V = 0.650  ( e s t i m a t e d )
a ( b a s e )  = 0.555it)
rJu)(base) = 2 1 , 0 4 0
l o u e s t  v a l u e s  f o r  a a r e  0 .5 < 5 /0 .4 0u
c o r r e s p o n d i n g  flu = 19$ 7 9 0 / 1 9 , 0 0 0





















Fi qur o  30
S c h l i s r c n  p h o t o g r a p h s  f o r  f r a c t i o n  5 a ( two 
c o n c e n t r a t i o n s »  I t  i s  c l e a r  t h a t  1» The p e a k s  
e r e  a s y m m e t r i c  end  2 .  They  b r e a k  down r a p i d l y i  
The c o r r e s p o n d i n g  p h o t o g r a p h s  f o r  FG a r e  n o t  
shown»
F I G U R E  3 0
I
m
Tke S c h l i c r e n  p h o t o g r a p h s  were  t oke n  a t  20  ?nîni:ics»
S p e e d  10 G s 5.9, 780 rprru Tin? sojnp l e i s  f r o c  i i 021 Pc
a n d  c one  en i r a  i i orw-: loerc 6» n i  { u p p e r ) e n d
( 1o w c r ) »
^ 2 0 c.i 6^0 mg mï r: 5 . 2 5  ±  O . j
Gf 5 . 5 n g  m l zr 7 .4 5  +
For  PQ : "%?o u. o “ 5«5ü j- 0 . 4
i'.,,, o ta \J 5 - 5 ± 0~7
7^
km. i n o  a c i d  ana I us  i s .............— I — ■ ■ — - * . .
A n a l y s e s  we re  c a r r i e d  o u t  on PG, F I ,  F 2 , F 3 , and F3*
The r e s u l t s  a r e  shown i n  T a b l e  2» P r o t e i n  c o n t e n t s  were  c a l c u l a t e d  
as  % o f  t o t a l  ' i o n  e xch an ge  r e c o v e r a b l e *  m a t e r i a l »  S i n c e  n e u t r a l  
s u g a r s  form, some o f  PG (Luscombc  and P h e l p s ,  19 ^7 )  i b e  r e s u l t s  
w i l l  be i n  e r r o r  by amount s  up to  t h i s  f i g u r e »
PG F I  F2 F3 F5
P r o t e i n  c o n t e n t  % 15^7S 1»70  5 . 9 #  2 . 5 0  7 . 4 ]
Ash  30  15 24
K e r a t a n /  1 : 1 2 » 1 -  1 : 1 1 . 0  l : 3 o »6  1 : 1 5 » 6
d i o n d r o  i i i n
r a t i o
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T a b l e  2
Amino a c i d  a n a l y s  i s  o f  PG a nd  d e r i v e d  f r a c t i o n s
' s u i t s  a r e  
l ino a c i d s »
e x p r e s s e d in  t h e f o r m :  m i c r o gram ÿ  o f t o t a l
PG FI F2 F3 F5
a s p 8 . 3 4 7 . 4 8 7 -0 7 1 1 . 2 5
t h r 5 . 5 7 3 . 4 0 6 .2 2 3 . 2 4 3 . 3 6
s e r 8 . 8 4 1 1 . 3 1 1 0 . 6 3 2 . 2 3 1 0 . 9 3
g l u l à .  55 1 5 - 6 5 1 7 .0 4 1 3 .1 a 1 9 - 0 2
p r o 9 . 2 9 9 . 7 0 1 0 . 4 0 8 . 3 6 9 . 2 7
9 i y 6 . 9 2 7 . 3 2 3 . 4 0 1 0 .1 6 4 . 8 8
a la 4 . 6 7 1 0 . 6 7 4 . 3 9 0 . 3 3 4 . 0 2
va I 5 . 7 2 5 - 0 1 5 -OS 6 . 7 2 3 . 9 7
n e t 0 , 4 5 - 0 . 3 2 0 . 2 & 0 . 2 3
H e 5 • 78 3 - 6 5 3 . 3 6 3 . 9 3 3 . 7 a
l eu 8 . 2 9 9 . 3 4 6 . 3 0 8 . 4 7 8 . 4 6
t y r 1 . 89 1 , 64 4 . 0 2 6 . 5 6 1 . 8 0
one 5 . 5 2 4 • 64 6 . 6 2 3 . 1 4 3 - 7 3
o r n ~ - 1 . 2 2 2 . 7 2 0 . 4 3
l y s 3 . ^ 3 2 . 5 1 2 . 8 8 2 . 4 8 3 . 3 7
h i s 2 . 4 7 1 . 3 S 3 . 0 4 3 . 4 2 2 . 8 5
an g 0 . 3 3 5 - 2 2 4 . 1 8 4 . 3 1 6 . 0 3
Gys±<iinr and  I14jjijz.zg-r.lL.M i s w e r e  c o m p l e t c l y  a b s e n t  
f r o m  a l l  samp l e s .
A n a l y s i s  o f  FI  was c a r r i e d  o u t  on t h e  T e c h n i c o n  A n a l y s e r  w h i c h  
does  n o t  have  t h e  s e n s i t i v i t y  o f  t h e  L o c a r t c  A i n a l y s e r  and  c o u l d  
n o t  d e t e c t  t h e  n e t
2"he r . io l e cu la r  u c i c h t  o f  4 . 4  m i l l i o n  ob ta i .ncd  by l i g h t  
s c a t t e r i n g  i s  i n  r e a s o n a b l e  c g r e e m c n i  w i t h  o t h e r  v a l u e s  
q u o t e d  f o r  PG e x t r a c t e d  by t h e  me thod  o f  P a l a w i s t a  and  
S c h u b e r t .  The mode l  p r o p o s e d  by Ha t hews  and L o s a i z y t e  
( 1 9 5 8 ) had  a m o l e c u l a r  w e i g h t  o f  4 mL i l l ion  and a r a d i u s  o f  
g y r a t i o n  o f  1850  ^ w h i l e  Luscom.be and P h e l p s  ( i p o ? )  r e p o r t e d  
v a l u e s  o f  5 - 8  m i l l i o n  and 1 , 3 9 0  The e x p e r i m e n t a l l y  
d e r i v e d  v a l u e  f o r  R,^ o f  2 , 3 0 0  2 seem^s a c c e p t a b l e  i n  t h e  
l i g h t  o f  t he  u n d o u b t e d  p o l y d i s p c / ^ s i  t y  o f  PG. P a r t i c u l a r l y  
i n  t he  h i g h  m o l e c u l a r  w e i g h t  r a n g e ,  l i g h t  s c a t t e r i n g  i s  
l i m i t e d  i n  t h i s  t y p e  o f  s t u d y  by i t s  extrerr.e se.ns i t i v i  t y  
t o  J u s t  a f e w  >o o f  any h i g h  H.W. m a i e r i a l ^  Apo.rt f r o m  i t s  i se  
t h e  c h a r a c t e r i z a t i o n  o f  n a i i v e ’- e x t r a c  t e d  PC, zhe t e c h n i q u e  
was i n t r o d u c e d  i n t o  t h i s  work  i n  a n t i c i p a t i o n  o f  t he  probier:: 
a s s o c i a t e d  w i t h  p h y s i c a l  s t u d i e s  on a s y m m e t r i c  m o l e c u l e s  
w i t h  m o l e c u l a r  w e i g h t s  g r e a t e r  t han  ab ou t  3 - 6  .  1 0 ^ .
The m o i e c u l a r  w e i g h t  a n a l y s e s  on t he  f r a c t i o n s  i s o l a i e d  
by u l  t r a f i l  t r a t i  n b a s i c a l l y  show t h a t  a l l  f r a c t i o n s ,  w i t h  t, 
e x c e p t i o n  o f  F 2 , a re  p o l y d i s p e r s e .  S i n c e  t he  p r i m a r y  aim o f  
t h i s  s t u d y  h a s  been  a f e a s i b i l i t y  e x e r c i s e ,  t h e  p o s s i b l e  
s t r u c t u r a l  s i g n i f i c a n c e  o f  t h e s e  f r a c t  i o n s  w i l l  n o t  be
d i s c u s s e d  i n  any  d e t a i l  h e r e .  However  one  or  two p o i r . t s  
r e q u i r e  comment .  S i n c e  S e r a f i n i - F r a c a s s i n i  c t  a t .  ( 1 9 6 7 )  
and S e r a f i n i ' - F r a c c s s i n i  ( i p GS )  hav e  shown t h a t  a c i d / a c e t o n e  
t r e a t m e n t  o f  PG doe s  n o t  a p p a r e n t l y  i n c r e a s e  t he  number  
o f  N - t e r m i n a l  amino a c i d s ,  i t  wou l d  sedm t h a t  s c i s s i o n  
o f  p e p t i d e  b onds  c a n n o t  be i n v o k e d  t o  e x p l a i n  t h e  f o r m a t i o n  
o f  s u b u n i  t s .  T h i s  i m p l i e s  t h a t  t h e  p r o t e i n  c o r e  i s  n o t  
c o n t i n u o u s  i n  t h e  1 - 5  m . i l l i o n  N.W. PG s p e c i e s ,  e n d  t h i s  
i s  s u p p o r t e d  to  some d e g r e e  by t he  c l o s e  a g re em e n t  i n  
amino a c i d  a n a l y s e s  b e t w e e n  t h e  v a r i o u s  f r a c t i o n s  and n: : t i v (  
PG. The s i m i l a r i t y  b e t w e e n  FI and PG i s  p a r t i c u l a r l y  
s u r p r i s i n g  f o r  a m o b e cu l e  i n  t h e  r a n g e  12 -  18 . 1 0 '^, as  i s  
a l s o  t h e  u n e x p l a i n e d  v a r i a  t i c n  i n  a l a n i n e  and t y r o s i n e .
The re  i s  some s i m i l a r i t y  i n  t h e s e  r e s u l t s  w i t h  t h e  f r a c t i o n  
d e s c r i b e d  by P a r t r i d g e  ( i 9 6 0 ) o f  m o l e c u l a r  w e i g h t  2 4 0 ,0 0 0  
and p r o t e i n  c o n t e n t 7%.
W i t h  r e f e r e n c e  to r e s u l t s  p r e v i o u s l y  d e s c r i b e d  i n  t h e  
l i t e r a t u r e  f o r  ^c  i d / a c e  to n e  t r e a t e d  P'G, i i  s h o u l d  be stress ' - ,  
a t  t h i s  p o i n t  t h a t  t h e  t o z a l  jo o f  f r a c t i o n s  (by  w e i g h t )  
w h i c h  p a s s e d  t h r o u g h  a 2 , 0 0 0  2 f i l t e r  c o m p r i s e d  l e s s  t han  
10% o f  t h e  t o t a l  m a t e r i a l  s o  t h e s e  f r a c t i  n s  c a n n o t  be 
r e g a r d e d  a s  b e i n g  r e p r e s e n t a t i v e  o f  t h e  e n t i r e  s a m p l e .
S i n c e  t he  t r e a t e d  PG had  a s t r o n g  t e n d e n c y  to o .ggrega t e  as  
shown i n  t h e  S c h l i e r e n t r c c e  o f  F5 ( F i g u r e  5 0 ) (A l o t  o f  mate:  
i s  e v i d e n t  a t  t h e  b . . se  o f  t h e  c o l u m n ) , i t  wou l d  seem t h a t
Si
i o n i c  s t r a i g t h  end  pH a r e  c r i  H e a l  f a c t o r s  i n  t he  
b e h a v i o u r  o f  t h e  t r e a t e d  m a t e r i a l . (The  s e p a r a t i o t i  by  
S e r a f i n i - F r q c a s s i n i  e t  a l»  (19 71^ )  c a r r i e d  ou t  by  ge l
chro i i i a tonraphy  i n  1 /■/ p o t a s s i u m  a c e t a t e )  »
4 s  f a r  as  t h e  f r a c t i o n a t i : n  i s  c o n c e r n e d ,  i t  a p p e a r s  
t h a t  t h e  t e c h n i q u e  i s  o f  l i m i t e d  u s e .  Th e re  i s  o n l y  a 
s I i g h t  c o r r e l a t i o n  b e t w e e n  f  i I t e r  p o r e  s i z e  end  mo I e cu  I c r  
w e i g h t .  One p o s s i b l e  e x p l a n a t i o n  i s  a c h a r g e  e f f e c t  a t  t h e  
s u r f a c e  o f  t h e  f i l t e r »  On t h e  o t h e r  ha nd  a p c o s i b l e  s o u r c e  
o f  c o n f u s i o n  c o u l d  ha ve  a r i s e n  f r o m  a phenomenon d e s c r i  bed  i 
a r e c e n t  ( f r i g h t e n i n g )  p a p e r  by Di F r i s c o  and S t r c c h e r  ( l y c t  
Th e se  a u t h o r s  h av e  r e p o r t e d  t h a t  12 h o u r  d i a l y s i s  or  u l t r a f i  
r a t i o n  i n  vacuo  c a u s e d  as  much as  2 0 % hydr o l y : - , i s  o f  g l u t n : n , i  
d e hy d r o g e n a se »  The u l t r a f i l t r a t i o n  u s e d  i n  t a i s  work  was no i  
c a r r i e d  ou t  i n  vacu o  b u t  e x t e n d e d  d i a l y s i s  was u s e d  i n  bo':.', 
d e - s a l  t  i n g  a.nd p r é p a r a  t i on o f  so l u i i a  n s  f o r  u I t r a c e n t  r  i f  ugai  
Roden (197 0 )  has  e m p h a s i s e d  t h a t  g l y c o s i d i c  bonds  e r e  e c . s i l i  
b r o k e n  a )  by t h e r m a l  c l e a v a g e , b)  by s t r o n g l y  r e d u c i n g  
s u b s t : i n c e s  s u c h  a s  a s c o r b i c  a c i d  and c )  m e c h a n i c a l  
d e p o l y m e r i s a t i o n »  The c l e a v a g e  o f  g l y c o s i d i c  l i n k a g e s  d u r  try, 
i s o  la t  i o n  p r o c e d u r e s  may t h u s  o c c u r  t o  a l a r g e r  e x t e n t  than, 
i s  g e n e r a l l y  r e a l i s e d .  I f  per. t i d e  bonds  can be as  e - ^ s i l y  
b r o k e n  a s  ha s  been  s u g g e s t e d  by Di F r i s c o  and  S t r c c h e r  the/ ,  
g l y c o s i d i c  l i n k s  rr,ust f a r e  e ven  w o r s e .  Suc h  an e x p l a n a t i o n  
m i g h t  w e l l  a c c o u n t  f o r  t h e  o b s e r v e d  p o l y d i s p e r s i  t y  i n  mos t  c
t h e  f r a c t i o n s .  T h i s  s eems  cusri more l i k e l y  ir, t h e  l i g h t  o f  
an i m a g i n a t i v e  c ompar i  so n  be tw e en  n o l e c u l c s  e nc ou n t e / ^ i n g  
a d i a l y s i s  membrane and t h o s e  undei^go ing  h i g h  p r e s s u r e  
f i l t r a t i o n  t h r o u g h  s i m i l a r  m a t e r i a l . I t  SQem.s u n l i k e l y  t h a t  
a c i d / a c e t o n e  t r e a t m e n t  c a u s e s  t h e  p o l y d i s p e r s i t y  i n  t} ,at  t h e  
number  o f  r e d u c i n g  g r o u p s  ( r e l c t ^ d  to  g l u c o s e  as  a s t a n d a r d )  
i n  t h e  t r e  Led FG i s  n o t  s i g r , i f i c a n t  l y  a i f f e r e n t  f r o m  th: , t  it  
t h e  u n t r e a t e d  m a t e r i a l .  The r e s u l t s  showed t h a t  b c t n  s a m p le s  
c o n t a i n e d  11 +_ pY e q u i v a l  e n t s  o f  g l u c o s e  p e r  ng o f  r, t e r i a l .  
The m e t h o d  u s e d  was a m o d i f i c a t i o n  o f  t h e  p r u s s i a n  b l u e  r e a c i  
s u g g e s t e d  by Perk  and J o h n so n  ( 19A9 ) .  However i i  was f o u n d  ti  
t h e  d e t e r m i n a t i o n  was s e n s i t i v e  to  t h e  p r e s e n c e  o f  s a l t s  .nd 
i t  was n e c e s s a r y  t o  d i a l y z e  t he  s a m p l e s  a g a i n s t  w a t e r  b e f o r e  
e s t i m a t i o n .  C l i g o s a c c h a r i d e s  c o u l d  e a s i l y  be l o s t  in  t h i s  wai 
so t h e s e  a r e  n o t  p r e s e n t e d  as  c o z i p l e t e l y  r e l i a b l e  r e s u l t s .
The q u e s t io n ,  o f  breakdown  d u r i n g  d i a l y s i s  o c c u r s  ga i n  
i n  t h e  i n t e r p r e t . t i o n  o f  t h e  r e s u l t s  on FI  by o smo me t ry .  The  
Mn o f  2 0 , GOG i s  c l e a r l y  a t  v a r i a n c e  w i t h  t h e  maximum. Hz valu> 
o f  1 3 , 0 0 0  o b t a i n e d  f r o m  u l t r a c e n t r i f u g a t i c n .  One p c s s i b i I i  t y  
i s  t h a t  t he  c o r r e c t i o n  f o r  o has  n o t  been  s u f f i c i e n t l y  p r e c i .  
As m e n t i o n e d  p r e v i o u s l y , a s s o c i a t e d  ion  c o r r e c t i o n s  can o n l y  
o f  l i m i t e d  a c cu ra c y*  A n o t h e r  s o u r c e  c f  e r r o r  c o u l d  h~ve  a r i s  
i n  t h e  osmome try  f r o m  l o s s  o f  s m a l l  m o l e c u l a r  w e i g h t  f ragrnen  
t h r o u g h  t h e  membrane .  There  was s l i g h t  e v i d e n c e  f o r  t h i s  in  
t h e  e q u i l i b r i u m  t i m e s  f o r  each  c o n c e n i r a i i o n .  were  abo u t  20 t 
30 m i n u t e s  w h i c h  i s  a l i t t l e  l o n g e r  t han  u s ua l*  F u r t h e r
e x p e r i m e n t s  were  n o t  a t t e m p t e d  s i n o e  p r e v i o u s l y ,  c o n s i d e r a b l e  
d i f f i c u l t y  had  b een  e x p e r i e n c e d  i n t h  membranes  o t h e r  t h an  the  
B - 1S» C e r t a i n l y ,  s e l e c t i o n  o f  membranes  i s  a c r i  t i c a l  f a c t o r  
i n  i n v e s t i g a t i o n s  beio io  2 0 , 0 0 0
S e d i m e n t a t i  on v e l o c i t y  e x p e r i m e n t s  on F3 ( F i g u r e  f O )  she  
t h a t  i t  was a l s o  p o l y d i s p e r s e .  T h i s  i s  p a r t i c u a r l y  e v i d e n t  in 
t h e  low c o n c e n t r a t i o n  r u n ,  wher'^ t h e  p e a k  i s  s e e n  to d i s i n t e r  
r a p i d l y .  The S  v a l u e s  seem to  i n d i e  t e  t h a t  t h e  m o l e c u l a r  wei  
l e s s  zhan t h a t  o f  PG ( a s s u m i n g  t h e i r  s h a p e s  a re  c o m p a r a b l e ) . 
Due to  doub t  c o n c e r n i n g  t h e  v a l i d i t y  o f  S  v a l u e  e x p r a p o l a t i c n  
t h e  v a l u e s  ^.re n o t  g i v e n .  The  n o n l i n e a r  r e l a t i o n  ( e v e n  wi
a l / S  p l o t )  b e t w e e n  t h e  c o n c e n t r a t i o n  and  s e d i m e n t a t i o n  
c o e f f i c i e n t  i n d i c a t e d  t h e  d e s i r a b i l i t y  o f  i n v e s t i g a t i n g  
s e d i m e n t a t i o n  b e h a v i o u r  be low  1 mg ml  . T h i s  i s  n o t  f e a s i b l e  
u s i n g  S c h l i e r e n  o p t i c s .  A l t h o u g h  s e d i m e n t a t i o n  c o e f f i c i e n t s  
a r e  p r o b a b l y  t h e  m os t  f r e q u e n t l y  q u o t e d  p h y s i c a l  p a r a m e t e r  or  
m a c r o m o l e c u l e s  , i t  i s  s u r p r i s i n g  how i n f r e q u e n t l y  t h e  v a l i d i  
o f  t h e  z e r o  c o n c e n t r a t i o n  e x t r a p o l a t i o n  i s  q u e s t i o n . e d .
F i n a l l y  t h e r e  i s  one s e e m i n g l y  m i n o r  p r o b l e m  t h a t  has  no 
so  f a r  been  m e n t i o n e d .  T h i s  i s  t h e  d e t e r m i n a t i o n  o f  c o n c e n t r a  
T h i s  i s  n o t  o f  d i r e c t  i m p o r t a n c e  i n  t h e  s e d i m e n t a t i o n  
e q u i l i b r i u m  s t u d i e s  ( p r o v i d e d  t h e  m e n i s c u s  d e p l e t i o n  t e c h n i q u  
i s  u s e d )  b u t  i t  i s  c r i t i c a l  i n  t h e  d e t e r m i n a t i : n  o f  v and v*
T h i s  i s  p a r t  o f  t h e  p r o b l e m  o f  d e t e r m i n i n g  T. S i n c e  d ry  weigr  
a r e  f e q u i r e d  t h e  i n a c c u r a c y  w i l l  be l a r g e  u n l e s s  t h e r e  i s  
s u f f i c i e n t  m a t e r i a l  to make t h e  % e r r o r  s m a l l  -  y e t  a n o t h e r
n
mraaoon  lühn t c c f i n i  u a ' ' ro  te-r- t i on o /  r î v z l y
l a r g e  am oun t s  o f  mat  e r i a l  mus t  he d e v e l o p e d  i f  m e a n i n g f u l  
p h y s i c a l  p a r a m e t e r s  a r e  to be  o b t a i n e d .
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